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and inflammatory eye disorders: 

@ for the patient: Phenylephrine HCI for rapid improvement of the eye’s appearance 
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= for the inflammatory process: Prednisolone for its rapid and effective action in 
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PANOPTIK is a “natural 
vision’’ bifocal because 
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FEATURES of natural vision... 


Jumpless passage 

from near point to far vision. 
Proximity of optical centers virtually 
eliminates displacement, makes Panoptik 
and “easy to get used to” bifocal. 
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Balanced viewing The greatest 
reading width is at the top 
where it is needed, yet segment is so 
shaped as to retain maximum area 
in the distance field. 
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Ease of seeing 
There are no straight lines or sharp corners 
in the natural cone of vision . . . nor in the 
Panoptik segment! Round corners and gently 
lifted top line minimize reflections, are 
pleasing in appearance, always recognizable. a 


Full, clear wide-angle vision 
is a benefit of exclusive Orthogon corrected curves . . . 
in premium quality B&L ophthalmic glass. . . 
and in a full range of needed powers and adds. 


NEW! HELPS YOU INTERPRET THE BIFOCAL STORY 


we Just off the press, anew visual aid to patients’ understanding of presbyopia, 
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modern natural vision bifocals. Use it in refracting room, at fitting table — 
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...in white, Soft-Lite 
VW. and Ray-Ban. 


4 
| 
4 | 


OPHTHOCORT 


OP MT HAEMIC MENT 


DAVIS & COMPANY 


antibacterial range 
unexcelled therapeutic efficacy 


4 
j 
x 


McGraw-Hill Book 


MICHIGAN 


= PARKE, DAVIS & COMPANY DETROIT 382, 


9/ 


4 
‘ 
e, ny ‘ 
4 
1954, 
a 
: 


A. M. A. 
AMERICAN JOURNAL 
OF 
DISEASES OF 
CHILDREN 


integrate your knowledge— 


subscribe to 


A. M. A. Archives of 
PATHOLOGY 


A. M. A, Archives of 
INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 


to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, Ill. 


Begin my subscription(s) NOW, for: 


10/ 


integrate 
your knowledge 
by reading these 
related specialty 


ournals... 


| (Archives. | 


PATHOLOGY 

A. A, 

Archives 
of 


INDUSTRIAL 
HEALTH 


A. M. A. 
Archives of 
INTERNAL 
MEDICINE 


A. M. A, 
Archives of 
DERMATOLOGY 


Designed to save 
you hours of reading 

time through visual pres- 

entations . . . to provide you 

with timely tips every month .. . 

to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 

Write for subscriptions to: 
AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 

Chicago 10, Ill. 


Dept. (PATH.) 


DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHICON] NEEDLE SUTURES 


@ hand-finished Micro-Point® needies 
® unequaled sharpness by hand honing 
@ 40% greater strength 

@ increased stability in needle holder 


@ reduced tendency to cut out of tissue 


ETHICON EVE SUTURES vith Tru-Tempered verse cutting needles 


for maximum streng ind minimum tendency to cut out of tissue 


ETHICON 


11/ 


| 
} 


The myope has problems 
both with and without spectacles. 
Without spectacles, distance acuity is 
impaired. With spectacles, the 

image size is reduced, the frames 
restrict the field of view, and 

the cosmetic appearance is impaired by 
both the myopic rings of the lenses 
and the smaller appearance of the eyes 
when viewed by others. 


The contact lens offers a more normal 
image size due to its location: 

the field of view is retained since the 
lens moves with the eye position; and 
the cosmetic appearance is no longer 
impaired. With the added increment of 


distance acuity, the contact lens enables 


the patient to have corrected vision 
with more natural good looks. 


The Piastic Contact Lens Company 
Dedicated to Knowledge and Research 
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cable. With skull: Cat. No. 70-65; with comfort cable: Cat. No. 70-61. 
Bridges: 18 to 26. Eye Sizes: 44-46-48. 
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prednisolone 21-phosphate as the 
% monosodium salt—is 675 mg. ‘cc. or 
: ; over 2000 times more soluble than 


prednisolone or hydrocortisone 


STERILE OPHTHALMIC SOLUTION 


(prednisolone 21-phosphate with neomycin sulfate) 


2000 times more soluble than prednisolone 


e free of any particulate matter capable of or 


injuring ocular tissues. hy dro C orti son é 


e uniformly higher effective levels of pred- 


nisolone. 
SUPPLIED: Sterde Ophthalmic Solution NEO-HYDELTRASOL 0.5% (with neomycin sulfate) mg 
and Sterile Ophthalmic Solution HYDELTRASOL 0.5%. tn 5 cc. and 2.5 cc. dropper vials. Also 
available as Ophthalmic Ointment NEO-HYDELTRASOL 0.25% (with neomycin sulfate) and 
Ophthalmic Ointment HYDELTRASOL 0.25%. In 3.5 Gm. tubes. M E RC K S HAR P & D 0 H M E 
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For a quick, easy and acurate VISUAL FIELD testing 


‘ 


PERIMETER 


OF 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
Iilumination uniform and ajustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


House of Vision ™ 


LYON 137 NORTH WABASH ¢ CHICAGO 2, ILLINOIS 
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METRETON 


Ophthalmic Suspension 


combining METICORTELONE and CHLOR-TRIMETON 


in vernal conjunctivitis / episcleritis 
allergic blepharitis {| ocular involvement of hay fever 
allergic conjunctivitis | other ocular allergies 


Clearing after 
3 days of therapy 
with 

METRETON 


Suspension 


supplied: 5 cc. dropper bottle. 


METRETON,” brand of corticoid-antihistamine compound. 
METICORTELONE,® brand of prednisolone. 


CHLOR-TRIMETON,” brand of chlorprophenpyridamine preparations. 
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make 
protection 

a part of 
every 


\ prescription, 


BENSON’S HARDRy SAFETY LENSES! 


Eyes worth correcting are worth protecting. Every one 
of your patients deserve maximum safety from dangerous and 
costly lens breakage. Benson’s HARDR«x safety lenses — 
ground to a formula-determined thickness and _ scientifically 
heat treated — are toughened to resist impact. 


To impress on your patients that you’ve prescribed 
- unexcelled in lenses for them, the identifying tag shown at left 
THESE A RE is attached to each pair of genuine HARDR«x lenses. 
GENUI Your patients will appreciate your thoughtfulness in 
NE prescribing this extra protection . . . and will tell 
their friends of your quality service. 


Join the growing number of doctors who specify HARDRx 
regularly. Remember: HARDR«x prescriptions receive 


SAFETY LENSES the same prompt handling. 


Prescribed for ther 
Margin of 


1913-1959 ... Our 46th year 
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COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 


BENSON OPTICAL COMPANY 


Executive Offices * Medical Arts Building, Minneapolis 
specialists in prescription optics since 1913 
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Inspection 


Approved WHAT 


YOU SPECIFY 


NONSCLERAL®” 
CONTACT 
LENSES 


(Licensed under Patent 
No. 2,510,438 and produced 
by the exclusive PC process) 


| Blend curve 


PRECISION 


@ PC NonscLerAL LENSES complement 
your painstaking efforts in determining the 
exact specifications for your patients. 

Every PC lens is “‘Precision-Certified” on 
every one of these important measurements. 
Depend on PrecisioN-CosMET’s 25 years 
of know-how, exclusive manufacturing 


WRITE TODAY for PC's free process and careful inspection to assure you 
illustrated literature — : 
“Simplified Fitting Techniques” of fine quality lenses. 
technical manual { 
“Facts and Tips” patient question And, PC is now licensed . . . you may 
“Care and Handling” patient specify PC NONSCLERAL LENSES 
instruction folder with complete assurance . . . 


Precision-Cosmet Co. Inc. 


529 SOUTH SEVENTH ST. ° MINNEAPOLIS 15, MINN. 
FEDERAL 2-8979 
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drug 
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DEXAMETHASONE 


more patients more 


a new order of magnitude 


in anti-inflammatory potency in dosage reduction in avoidance of 
new side effects in therapeutic effectiveness in therapeutic range 


Dosage: One 0.75 mg. tablet of DECADRON will usually re- Supplied: As 0.75 mg. and 0.5 mg. scored, pentagon-shaped 
place one 4 mg. tablet of methylprednisolone or triamcino- tablets in botties of 100 and 1000. 

lone, one 5 mg. tablet of prednisone or prednisolone, one 20 = ©1958 Merck & Co., Inc. *DECADRON is a trademark of Merck & Co., 
mg. tablet of hydrocortisone, or one 25 mg. tablet of cortisone. Inc. 

Additional information on dosage and precautions is avail- Ss MERCK SHARP & DOHME 

able to physicians on request. DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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Temporary Catarex Bifocal .. . 


Temporary Catarex Trifocal .. . 


Permanent Catarex Bifocal... 


Permanent Catarex Trifocal 
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dynamic 
control 


IN DIAGNOSIS — By reducing corneal edema, DIAMOX facilitates 
examination and diagnosis in ophthalmologic disorders. 

AS THERAPY — By lowering intraocular pressure, conservative ther- 
apy with DIAMOX can often reduce the need of surgical intervention 
in various glaucomatous conditions. Traumatic hyphemas, for ex- 
ample, can be resolved without cyclodiathermy puncture.! 

PRE- AND POSTOPERATIVE CARE — Where surgery is required, ten- 
sion is first reduced by DIAMOX and maintained after surgery to 
speed healing. Used with miotics, the synergistic action improves 
efficacy. 

Suggested DIAMOX dosage for glaucoma: 250 mg. every four hours. In severe 


glaucomatous crises, the intravenous form may provide quicker reduction of 
global pressure. 


Supplied: ares tablets of 250 > ampuls of 500 mg. for parenteral use, 


nd syrup in bottles of 4 fluid ounces (peach flavor) — 250 mg. 
oer 5 cc. teaspoonful. 


1. Venable, H. P.: J. Nat. M. A., 50:79, 1958. 


© LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York (Laer) 


NEW 
Eye Dressing 
Tray, 
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E-7220 Dressing Tray, Eye, McCOY: compact, containing items needed 


Designed to hold: for post operative treatment. 
| Each E-7460 Irrigator, — Space is provided to hold 6 tubes each of assorted ophthalmic 
DeVilbliss, 1Y% oz. ointments. Ointment not included. There is also space for a 


6 Each E-7472 Dropper supply of eye patches. 
Bottles, 1 oz. with 


ground in pipette Tray only, with fittings, Stainless Steel riveted 


2 Each E-7290 Needle Tray and fittings, complete with all items listed above, 
Boxes 31" x 24%” except ointment and eye patches ...............0000- $57.20 


Sterilizing Box, 


lowa 
Model 


E-7225 = Sterilizing Box, Iowa Model: one insert has 8 clips to securely 
hold eye forceps of various sizes. The other insert has a rack for 
scissors, holders for non-sharp instruments, and space for various 
$21.50 


STORZ INSTRUMENT COMPANY 
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For ocular infections with 
mild inflammation 


ISOPTO P-N-P 


polymyxin-neomycin - phenylephrine-methylcellulose 
STERILE OPHTHALMIC SOLUTION 


The mild vasoconstrictor, phenylephrine, ef- 
fectively reduces itching, inflammation and 
congestion. Polymyxin and neomycin en- 
hance the action of each other and are effec- 
tive against a wide range of common bacterial 
infections. Prolonged contact is provided by 
the methylcellulose vehicle. 


for ocular allergies and inflam- 
mation in the absence of infection 


ISOPTO’ STEROFRIN 


hydrocortisone-phenylephrine-methylcellulose 
STERILE OPHTHALMIC SUSPENSION 


The suspension form of hydrocortisone pene- 
trates the cornea for better anti-inflammatory 
action. Phenylephrine relieves itching and 
congestion, providing rapid symptomatic 
relief. 


Alcon offers a full line of antibiotic and steroid preparations including: 


ISOPTO® P-N-P polymyxin B sulfate, neomycin sulfate, 
phenylephrine HCI with methylcellulose 


ISOPTO® STEROFRIN hydrocortisone, phenylephrine 
HCI with methylcellulose 

ISOPTO® P-H-N 0.5% and 1.5%—polymyxin B sulfate, 
hydrocortisone 0.5% and 1.5%, neomycin sulfate with 
methylcellulose 


ISOPTO® HYDROCORTISONE 0.5% and 2.5%—hydro- 
cortisone with methylcellulose 


ISOPTO® CORTISONE 0.5% and 2.5%—cortisone with 
methylcellulose 


Alcon's antibiotic and steroid preparations are supplied 
in the § cc. Drop-Tainer®. 


GSE ALCON LABORATORIES, INC., Fort Worth, Texas 
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| the ISO SOL Co. Ine | 


CARBAMIOTIN 


... in chronic 


non-congestive glaucoma 


CARBACHOL P 


Iso-Sol brand of sterile, dated, low surface tension solution of Carbamyl- 3, % d 1! 
choline Chloride with Benzalkonium Chloride 1:10,000 as the wetting agent. 4 asi 2 


ADVANTAGES 


INDICATIONS 


PACKAGING 


Acts indirectly by inhibiting cholinesterase and permits natural 
acetycholine to act without interference . . . not susceptible to 
destruction by cholinesterase . . . low allergic index . . . prolonged 
use will not produce synechia . . . last longer — less frequent 
administration 


For reduction of intraocular tension in chronic, non-congestive 
glaucoma . . . can replace pilocarpine or eserine in manifestations 
of allergy, sensitization or lack of response to these drugs . 


In l5ce. sterile sealed Lacrivals® %% and 14% 


For samples, literature and bibliography, write . 


THE 1ISO-SOL COMPANY, INC. 
LINDENHURST, N. Y. 


Pioneer Specialists in Sterile Ophthalmic Solutions 
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che House of Vision 
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MINNEAPOLIS 


WHEN AND HOW TO 
CORRECT VERTICAL IMBALANCE 


We are all familiar with the characteristic complaints 
of a patient who has received bifocals, particularly 
first bifocals: without some form of compensation for 
vertical imbalance at the reading point—headaches 
after reading for only a short time, inability to fuse, 
suppression of one eye, ete. In order to avoid such 
complaints, we correct imbalances as low as 0.3. to 
0.4 prism diopters. Whether correction for such slight 
amounts of vertical imbalance is necessary depends 
primarily on the use of the bifocal. You should cor- 
rect this type of imbalance for an architect or an ac- 
countant but not for a salesman or housewife. In 
general, every imbalance over 1.00 prism diopter should 
be corrected. Perhaps because they are more frequent 
and more often overlooked, a surprising number of 
complaints arise from small uncorrected imbalances. 
There are two instances when you should not correct 
the entire amount of induced vertical imbalance. 
First, when a bifocal wearer has accustomed himself 
to fusing with the imbalance; second, where a phoria 
exists which tends to balance the induced prism at 
the reading point. 


THE FOUR METHODS OF CORRECTING 
VERTICAL IMBALANCE ARE: 


|. Drop Distance Centers This divides the imbalance 
between the distance and reading portion, Whatever 


“Uf it’s a lens problem, 


it removes from the reading portion of the lens it 
adds to the distance, For this reason it is used in 
imbalances of less than 0.6 prism diopter. 


2. Dissimilar Segments We recommend this procedure 
only when two bifocal segments of similar nature are 
used, such as a combination of Ultex A and E, flat 
top D and R, Kryptok 23mm and 20mm. How much 
imbalance may be corrected in this manner is a 
function of the bifocal addition. Its practical limits 
are in the range of 1.25 prism diopters. 


3. Prism Segments This is an extremely poor method 
because of the increased thickness of such a lens and 
its 1.50 prism diopter upper limit. It frequently is 
used for creation of horizontal prism in the segment 
only. 


4. Balance Center This is the best method of correc- 
tion for most imbalances. There is no upper limit but 
balance centers of less than 1.00 prism diopter are 
impractical to grind, Since it is always ground base 
up, the slab-off is used on the lens of the greatest 
minus power or the least plus power. 


With some foresight in lens design, the ophthalmolo- 
gist should never receive patient complaints about un- 
corrected or over-corrected vertical imbalance, 


let’s look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
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PEOPLE 
= need 
ARMORLITES 
y THE SAFEST, LIGHTEST, LENSES MADE 
The 
(AL RMORLITE LENS oo. inc. 


the developers of hard plastic lenses 
117 BAST COLORADO ST + PASADENA, CALIFORNIA 


Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 


Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 


ia 

30/ | 


PRICELESS 


Today all around us cut-rate and discount houses 
flourish. You can buy glasses from $7.98 up. GooD VISION 
comes a shade higher. In fact you can’t put a price 
on vision. Your GUILD OPTICIAN endeavors to place the finest in 


eye wear before the public at the lowest possible prices. 
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FOR EYES OF EVERY HUE... CYCLOGYL’ FOR CYCLOPLEGIA 


NEW ... FOR THE DARK BROWN OR BLACK IRIS .. . CYCLOGYL 2% WITH PVP— 
the special soothing base containing PVP (polyvinylpyrrolidone) permits use of a higher 
concentration, effective even in the most darkly pigmented iris. 

FOR THE BROWN OR HAZEL IRIS . . . CYCLOGYL 1% 

FOR THE BLUE, GRAY OR GREEN IRIS . . . CYCLOGYL 0.5% 


VALUABLE TIMESAVING — effective within 30 minutes — rapid recovery when a miotic 


is used.* 


MAXIMAL SAFETY «... no significant variation of intraocular tension has been reported 
. does not produce any undesirable local or systemic effects following repeated 
instillation...it is relatively nonirritating and nonsensitizing ...animal studies show 
low toxicity...” 
INDICATIONS: Refraction. When both cycloplegia and mydriasis are desired in treat- 
ment of iritis, iridocyclitis, keratitis and choroiditis— preoperatively for cataract or other 
appropriate surgery. (Cyclomydril™ [Cyclogyl 0.2% with phenylephrine 1%] is indicated 
for diagnostic procedures and therapy requiring only mydriasis). 


AVAILABILITY: New 7.5 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 

2 ml. dropper bottle (prescription size) 

Cyclogyl] 0.5% ml. dropper bottle 
SAMPLES AND LITERATURE AVAILABLE ON REQUEST ee eS 


1. New and Nonofficial Drugs; J. B. Lippincott Company, Philadelphia, 1958, p, 243. 


® 


New York 3, N.Y. (cyclopentolate hydrochloride, Schieffelin) 
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Electric Response of the Phakic and Aphakic Human 
Eye to Stimulation with Near Ultraviolet 


HERMANN M. BURIAN, M.D., lowa City, and BENJAMIN ZIV, M.D., Boston 


The spectral sensitivity of the human eye 
depends upon the sensitivity of the retinal 
elements. intact human 
eye the composition of the radiant energy 
reaching the retina is such that its sensitivity 
in the violet and near ultraviolet can not be 
evaluated fully by psychophysical methods. 
Owing to the absorption of the near ultra- 
violet by the yellow crystalline lens, 
has a rather sharp cut-off at 400 mp, 
violet radiation generally reaches the 
only in minimal quantities. 

In one of his most remarkable papers, 
Wald! has shown, among other things, that 
with the removal of the lens the eye gains 
enormously in sensitivity in the violet and 
ultraviolet. 


However, in the 


which 
ultra- 
retina 


Whereas in the intact human eye 
the sensitivity of the fovea declines at 365 
mp to 49,909 Of its maximal value at 562 
mp, aphakic rod-and-cone vision is still about 
iy as sensitive at 365 mp as at the maxi- 
mum, and the average sensitivity of the 
aphakic eye at 365 mp is about 1,000 times 
that of the normal phakic eye. 
in retinal sensitivity is expressed in_ the 
ability of the aphakic subject to read a 
Snellen chart when the illumination is con- 
fined to the region of 365 mp, under which 
condition a phakic observer is unable to see 
the chart. 


Submitted for publication Aug. 20, 195%. 

Supported by Grant B-349 (C-5) of the National 
Institute of Neurological Diseases and Blindness. 

From the Department of Ophthalmology, State 
University of Iowa College of Medicine. Clinical 
Fellow, The Retina Foundation, Boston (Dr. Ziv). 


This increase 


The difference in the response of the 
phakic and the aphakic human eye to ultra 
violet stimulation has suggested to us the 
present investigation, which is concerned 
with the electroretinographic response of the 
phakic and aphakic eyes to ultraviolet stimu- 
lation. 


Method 


We used as the source of the ultraviolet 
radiation a 250 Watt AHS GE mercury- 


100 


3 


8 


Transmittance in percent. 


10 

280 300 320 340 360 380 400 420 440 
Wave length in millimicrons. 


Fig. 1.—Characteristics of filters used. 4, Corn- 
ing filter No. 5970 (referred to in text as Filter 1) 
B, Corning filter No. 5840 (referred to in text as 
Filter 2). The third filter employed was a narrow 
band-pass filter giving maximum transmission at 
approximately 365 my, obtained by combining 
Corning filters No. 7380 and 5860. 
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vapor lamp housed in a grounded air-cooled 
metal box and placed behind a round open- 
ing 4 cm. in diameter. The opening faced 
the eye to be examined and was provided 
with a Packard shutter, a photoelectric cell, 
and a holder for filters. Corning Filters No. 
5970 (thickness, 4.5 mm.; Filter 1) and No. 
5840 (thickness, 5.05 mm.; Filter 2) were 
employed, The characteristics of these filters 
are indicated in Figure 1. In addition, in 
all but one patient we also tested the eye 
with a narrow-band-pass filter composed of 
Corning Filters No. 7380 and 5860 com- 
bined together (Filter 3), giving a maxi- 
mum transmission at about 365 my. 

The eyes of the observers were prepared 
in the routine fashion adopted in our labora- 
tory. The pupil was maximally dilated (7-8 
mm.) with 2 drops of a 0.5% cyclopentolate 
(Cyclogyl) solution. Grounding of the pa- 
tient was provided by Grass silver-cup elec- 
trodes fastened to each ear lobe of the 
patient. For the derivation of the retinal 
currents, the Burian-Allen speculum elec- 
trode * was employed, and a Grass silver cup 
electrode fastened to the supraorbital area 
served as reference electrode. All recordings 
were made with a 4-channel Grass_ink- 
writing electroencephalograph. 

The patient was seated comfortably in 
front of a metal bowl whose interior was 
painted with white nonglossy paint and 
which had an opening on the end opposite 
the patient, where the stimulating device was 
placed. The distance from the eye to the 
front of the metal box carrying the filters 


was approximately 35 cm. The patient’s 
head was securely placed in a_ headrest, 
which had been adjusted in such a fashion 
that the eye was in line with a small red 
light source of adjustable intensity in the 
center of the opening of the metal box, serv- 
ing as fixation point. 

The eye to be examined was preadapted 
for 5 minutes to the light from two 60 Watt 
bulbs reflected from the interior of the bowl. 
The patient was then permitted to remain 
in complete darkness for 10 minutes. At the 
10th minute of dark adaptation the eye was 
exposed to three or four flashes, with use 
of each of the three filters in succession. 
The Packard shutter was operated manually, 
and the exposure time for each flash was 
0.8 to 1 second. The same procedure was 
repeated at the 20th and 30th minutes of 
dark adaptation. None of the patients wore 
spectacles during the procedure. 


Results 


ight phakic subjects with 6/6 vision or 
better and normal eyes by slit-lamp, ophthal- 
moscopic, adaptometric, and perimetric ex- 
amination, aged from 9 to 63 years, were 
studied. In selecting these observers special 
attention was paid to their lenses. None 
presented opacities of any kind. All gave 
excellent records with good base lines, with 
the exception of one 9-year-old girl, whose 
record had to be discarded. 

The results obtained in the seven normal 
phakic observers whose records could be 


TasBLe 1—Amplitude of Responses of Normal Phakic Observers * 


Dark Adaptation 


20 Min 30 Min. 
No. Age, Yr. Eye Filter 1 Filter 2 Filter 3 Filter 1 Filter 2 Filter 3 
1 9 0.8 132 60 n.m. ¢ 152 78 n,m. ¢ 
2 14 0.8 72 40 n,m. t¢ 92 80 n,m. ¢ 
3 20 0.8 96 76 n,m. ¢ 172 112 40 
4 7 0.8 No response 
5 39 0.8 No response 
6 i 0.D No response 
7 63 0.D No response 


* In microvolts, 
t Response not measurable. 


34/348 


Vol. 61, March, 1959 


RESPONSE OF PHAKIC AND APHAKIC EYES 


evaluated are reported in Table 1. Each 
value represents the average of three in- 
dividual electroretinograms. Only the 20- 
and 30-minute dark-adaptation levels are 
recorded, since none of the seven gave any 
response after 10 minutes of dark adapta- 
tion. Relatively good responses were ob- 
tained with Filters 1 and 2 in a 9-, 14-, and 
a 20-year-old observer. However, none of 
the observers 27 years old or older gave a 
response at any time. 

These findings point up the fact that in 
children and young persons the pigmenta- 
tion of the lens is still minimal. With ad- 
vancing years this pigmentation increases to 
the point where so little ultraviolet pene- 
trates to the retina that it provokes no elec- 
troretinographic response. Even so, the 
values obtained in children are low, and we 
recorded no electroretinogram with Filter 3, 
even after 30 minutes of dark adaptation, 
except in the 20-year-old observer, who gen- 
erally gave relatively high responses. It is 
not surprising that some subjects give higher 
responses than others. The pigmentation of 
the lens is subject to considerable individual 
changes even within a narrow age group. 
Wald! has stated that in his normal sub- 
jects this factor alone added more than a 
logarithmic unit to the variation in sen- 
sitivity at 365 mp. 

All aphakic patients whom we_ tested 
showed the expected positive electroretino- 
graphic response to ultraviolet stimulation. 
We selected 10 patients who had had a 


cataract extraction. Our criteria for selec- 


No Age. Yr. Eye Filter 1 Filter 2 
1 58 0.8 192 188 
2 67 0.D 64 48 
3 68 0.8. 184 148 
4% 74 O.D. 212 116 
5 75 0.8. 96 SS 
6 7 0.D 156 144 


* In microvolts. 
t Response not measurable. 
t Filter 3 was not used in this patient. 


Burian—Ziv 


20 Min. 


tion were as follows: round, freely reacting, 
and dilating pupil; absence of abnormalities 
detectable by slit-lamp or ophthalmoscopic 
examination, visual acuity of 6/9 or better. 
The age of the patients ranged from 58 to 
84 years. Four of the records could not be 
measured on account of an unsteady base 
line or of eye movements occurring at the 
time of stimulation. It stands to reason that 
some of the elderly patients should not be 
able to cooperate sufficiently well to allow 
the recording of a good electroretinogram. 
Nevertheless, the sudden movements of the 
eyes at the time of stimulation indicated even 
in these patients that they perceived the 
light. 

The results for the 20- and 30-minute 
adaptation levels of the six other aphakic 
patients are presented in Table 2. Here 
again, each value represents the average of 
three electroretinograms. It is evident from 
this Table that the retinas of all patients 
responded to the ultraviolet stimulation. 
Only two patients (No. 1 and 6) also gave 
responses at the 10-minute level. These re- 
sponses were as follows: Filter 1: 148,v. 
and 104pv.; Filter 2: 108 and 80uv.; Filter 
3: 76pv. and not measurable, for Patients 
No. 1 and No, 6, respectively. Patient No. 
4 gave a response of 124yv. with Filter 1 at 
the 10-minute dark adaptation level but none 
with Filters 2 and 3. 

It is of interest to note that these were 
the only responses which we obtained at the 
cone level of dark adaptation. This is proba- 
bly explained by the fact that the electrical 


TABLE 2.—Amplitude of Response of Aphakic Patients * 


Dark Adaptation 


30 Min. 

Filter 3 Filter 1 Filter 2 Filter 3 
160 260 220 164 
n.m, 156 136 
128 244 216 168 
284 224 wa 
72 140 144 92 
80 192 188 120 
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Filter 2 Filter 3 

A 

B 

ERG 

200uV 1 sec. 4 

Fig. 2.—Sample electroretinograms from aphakic Patient No. 3. A, After 20 minutes of dark adap- 

tation. B, After 30 minutes of dark adaptation. Markings in the upper channel of each record indi- 


cate onset and cessation of stimulation. 


threshold of the retina, as determined by our 
present methods, is considerably higher than 
the psychophysical threshold. Had we used 
higher intensities of stimulation we might 
conceivably have also obtained cone re- 
sponses. 

Higher stimulus intensities might also in- 
fluence the shape of the electroretinograms. 
The shape of all our retinograms (includ- 
ing those at the 10-minute level of dark 
adaptation) had essentially the character of 
rod responses: They consisted of slow pro- 
tracted positive elevations (Fig. 2). No 
negative deflections were detected in any of 
the recordings, and the positive elevation was 
always a simple one. However, at the cessa- 
tion of the stimulus there was a slight 
deflection, which was noted to appear very 
regularly. It would seem, therefore, that 
there is an off-response in the human elec- 
troretinogram with this type of stimulation. 
The peak time of the responses varied be- 
tween 170 and 225 msec., being generally 
longer for the responses of lower amplitude 
than for those of higher amplitude. 


Summary 


A group of normal phakic subjects and a 
group of aphakic patients were examined 
electroretinographically, using near-ultra- 
violet radiation as the stimulus. 
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Phakic subjects 9 to 20 years of age re- 
sponded with an electroretinogram, but none 
could be obtained from subjects 27 years or 
older. In contrast to this, all aphakic eyes 
gave electroretinograms with near-ultraviolet 
stimulation. The differences are explained 
by the presence or absence of a pigmented 
crystalline lens. 

The electroretinograms consisted of slow 
protracted simple positive elevations. 

Note: Since this paper was submitted 
for publication a paper by Dodt (Nature 
181 :286, 1958) came to our attention in 
which electroretinographic responses of two 
normal and two aphakic eyes to stimuli of 
various wavelengths, including near ultra- 
violet, are described. Dodt calculated the 
average selective spectral sensitivities from 
the relative number of quanta eliciting a 
b-wave of equal size. The results were 
compared with the curves for rod-vision 
given by Wald." 


University Hospitals, Department of Ophthal- 
mology. 
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Agar Microelectrophoresis at High Tension of Soluble 
Lens Proteins 


J. FRANCOIS, M.D., and M. RABAEY, M.D., Ghent, Belgium 


Hesselvik was the first to succeed, in 
1939, in fractionating lenticular proteins by 
electrophoresis according to Tiselius. This 
method of investigation has since been used 
by numerous investigators studying the 
soluble proteins of the ocular lens, namely, 
Viollier, Labhart and Sillmann (1947), 
Smelzer and von Sallmann (1949), Lewis 
and Moses (1950), Bon (1955), Rao et al. 
(1955), Orekhovich (1957), and Bloemen- 
dal (1957). 

Fractionation has subsequently been per- 
fected with the introduction of 
electrophoresis (d’Ermo, 1952; 
1952; Francois, Wieme, Rabaey, and 
Neetens, 1953; Stemmerman, 1953; Bon, 
1955), and it soon became apparent that 
the protein composition of the lens is more 
complex than would be suggested by the 
classical schema with its three crystallins 
(a-crystallin, B-crystallin, and albumin). 


paper 
Croisy, 


A comparative study of results obtained 
by electrophoresis has shown, among other 
things, that in a great many animal species 
the number of protein constituents of the 
lens exceeds the three fractions found in 
the electrophoretic diagram of the bovine 
lenticular proteins. 

On the other hand, paper electrophoresis 
carried out under certain conditions (low 
ionic strength, increased voltage) has shown 
that Fractions If and III are by no means 
homogeneous either in bovines or in other 
animal species; these fractions seem to con- 
sist of several constituents. 


Submitted for publication Aug. 19, 1958. 

From the Ophthalmological Clinic of the Uni- 
versity of Ghent, Prof. J. Francois, M. D., Direc- 
tor. 


Whereas ordinary agar electrophoresis 
only reveals three fractions in bovines, the 
immunochemical methods (double diffusion 
in gelified medium and immunoelec- 
trophoresis) have shown that at least eight 
different antigens are to be found in lens 
extracts (Francois, Rabaey, Wieme and 
Kaminski, 1956). 

After developing a technique of micro- 
electrophoresis on agar (Wieme and Rabaey, 
1957), we soon realized that this method 
offers very considerable advantages in the 
investigation of tissue proteins in general 
and lenticular proteins in particular. 

One of the chief advantages of agar 
microelectrophoresis is the possibility of 
determining the mobility of the protein frac- 
tions under investigation. Although deter- 
mination of the absolute mobility has yielded 
concordant results, mobility has been deter- 
mined in the majority of cases as relative to 
human serum albumin (Rabaey, 1958). A 
solution of this albumin and dextran is 
deposited on the same sheet as the protein 
solution to be submitted to electrophoresis. 
For the sake of convenience, the mobility of 
the serum albumin is given the coefficient 1; 
the proteins under investigation are given 
a positive designation if they migrate toward 
the anode in relation to a point 0 (dextran 
band) or a negative designation if they 
migrate toward the cathode. The mobility 
of a protein fraction which migrates less 
far toward the anode than the serum albumin 
is expressed in a figure below 1, while the 
mobility of a fraction migrating farther 
than the serum albumin is expressed in 
a figure above 1. 

The first results—obtained in lens extracts 
submitted to agar microelectrophoresis at 
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an ordinary temperature and a moderate 
potential gradient of the electric field—not 
only surprised us but were confusing. This 
is what we saw: 

1. By this technique, the lens proteins in 
the majority of animals are divided into a 
considerably larger number of fractions than 
when submitted to paper electrophoresis. 
Five to ten different fractions were as a rule 
found. 

2. Pherograms (electrophoretic diagrams ) 
obtained with lenses from various animal 
species are hardly ever comparable, not only 
as to the number but also as to the distri- 
bution of the fractions obtained. 

This wide variety in protein composition 
from one animal species to another is not 
limited to the lens proteins but also holds 
true for other tissues, as demonstrated by 
two investigations into the protein composi- 
tion of the skeletal muscles in various 
species of fish (Connel, 1953; Nikkila and 
Likno, 1955). Connel emphasizes the fact 
that electrophoretic diagrams show very 
marked differences between different species 
of fish, to an extent which might warrant 
a protein type of constant mobility, e. g., 
the statement that these diagrams are nearly 
as characteristic as fingerprints. 

Obviously these marked differences be- 
tween the species greatly impede investiga- 
tions into tissue proteins. 

The pherograms of the lenticular proteins 
are equally characteristic of the animal 
species examined, and it is no exaggeration 
to suppose that one day an animal will be 
recognizable by the electrophoretic diagram 
of its lenticular proteins. 

A comparison of the mobility of fractions 
as directly shown in the pherograms has 
meanwhile shown that in mammals the situa- 
tion is less confusing than was _ initially 
believed to be the case. In fact, it is 
obvious that fractions of established mobility 
are regularly encountered, particularly in the 
case of slow fractions (Rabaey, 1958). 

By adjusting the evaporation of the 
cooling liquid (petroleum ether, as sug- 
gested by Wieme), electrophoresis can be 
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made possible at any low temperature, a 
fact particularly useful for determination of 
mobility values. 

Experiments at low temperatures (3-4 C) 
have yet another advantage: At these 
temperatures, there is less diffusion and 
spread of protein fractions during electro- 
phoresis than at the usual temperature of 
25 C; thus the fractions are narrower, more 
sharply delimited, and more distinctly sepa- 
rated. 

It is true that the mobility of the fractions 
is reduced at lower temperatures, but this 
inconvenience can be overcome by increasing 
the potential gradient of the electric field. 
The development of heat is of no signifiance, 
as the heat produced in the thin sheet of 
agar gel is regularly and immediately re- 
moved by the surrounding petroleum ether. 

Thus we have progressively increased the 
tension at which electrophoresis was carried 
out to 20, 40, and even 50 V/cm. 

For this high-tension electrophoresis it is 
advisable to use very thin sheets of agar 
(0.6 to 1 mm.), lest the temperature gradient 
in the agar be too great. 

Under these conditions the power of 
separation can be considerably increased. 
We were surprised to see that various bands 
obtained by agar electrophoresis at ordinary 
temperature and low or moderate potential 
gradient of the electric field, showing slight 
asymmetries hardly suggestive of hetero- 
geneity, divided themselves into two or sev- 
eral fractions. 

This technique is particularly useful in 
investigating fractions of intermediate mo- 
bility which not only are complex but also 
are apt to migrate in very close patterns. 

The possibilities of agar microelectropho- 
resis at high tension are illustrated in the 
pherograms and corresponding diagrams of 
the lenticular proteins in Okapia johnstoni 
Sclater (okapi)* and in Scyllium canicula 
(spotted dogfish ).+ 


*The Société Zoologique d’Anvers made avail- 
vble the okapi eyes. 


+ The living fish was made available to us by 
Mr. N. Fontaine. 
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Fig. 1.—Paper pherogram and corresponding 
diagram of lenticular proteins in okapi; .4, cortex. 
B, nucleus. 

Paper electrophoresis (barbital [veronal] 
buffer solution; pH &.6; ionic strength 0.1) 
revealed three fractions in the young okapi, 
both in total lenticular 


extracts and in 


Frangois—Rabacy 


TABLE 1.—Fractions After Paper Electrophoresis 


in Okapi 
I IL 
Cortex 35.2 * 52.9 11g 
Nucleus 28.1 47.1 24.8 


* Figures indicate percentage. 


cortical (Fig. 14) and nuclear (Fig. 1B) 
extracts. The pherograms were generally 
the same as the bovine pherograms. The 
percentage of the various fractions is given 
in Table 1. 


In the same okapi, agar microelectropho- 
resis (barbital buffer solution; pH 8.4; 
ionic strength 0.03; temperature 4 C; poten- 
tial gradient of the electric field 20 V/cm. 
for 25 minutes) revealed 11 fractions for 
the cortex and several fractions for the 


nucleus, as shown in Figures 2 and 3 and 
Table 2. 


Fig. 2.—Agar micro- 
pherogram of lens pro- 
teins in spotted dogfish 
aml okapi. J, Scyllium 
canicula: temperature 4 
C, potential gradient of 
electric field 20 V/cm. for 
25 minutes; (a) nucleus 
and (b) cortex. II. Scyl- 
lium canicula: tempera- 
ture 4C, potential gradient 
of electric field 40 V/cm. 
for 22 minutes; (a) cor- 
tex and (b) nucleus. ///, 
Okapia johnstoni : temper- 
ature 4 C, potential gradi- 
ent of electric field 20 
V/cm. for 25 minutes; 
(a) cortex and (b>) nu- 
cleus. IV, Okapia jolin- 
stoni: temperature 4 C, 
potential gradient of elec- 
tric field 40 V/em. for 
22 minutes; (a) nucleus 
and (b) cortex. 
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Lenticular Proteins in Okapi 
Cortex Nucleus 
Relative Mobility % of Relative Mobility % ot 
of Fractions Fractions of Fractions Fractions 
1.5 (rapid 4.6 1.5 (rapid 1.3 
fractions) fractions) 
0.94 (a~<rystallin) 43.3 0.97 (a-erystallin) 37.0 
0.64 19 0.64 = 0.24 (max. 95.6 
0,38) 
0.55 2.6 
0.45 10.3 
0.38 21.0 
0,32 7.2 
1.5 
0.18 19 0.18 49 
0.11 5.5 11.0 
0.01 0.2 


Agar microelectrophoresis at high tension 
(barbital buffer solution; pH 8.4; ionic 
strength 0.03; temperature 4 C; potential 
gradient of the electric field 40 V/cm. for 22 


minutes), again in the same okapi, revealed 
16 cortical and 17 nuclear fractions (Figs. 2 
and 4 and Table 3). 


The soluble proteins in spotted dogfish 
have been previously investigated by Croisy 
(1952), who found only two fractions with 
paper electrophoresis. The same technique 
(barbital buffer solution; pH 8.6; ionic 
strength 0.1), as used by us, showed (1) 
cortical part—5 fractions (Fig. 5), in the 
following percentages: I, 148%; II, 
48.0% ; III, 11.4%; IV, 6.0%; V, 19.8% ; 
(2) nuclear part—2 fractions (Fig. 5), 
34.7% and 65.3%, respectively. 

Agar microelectrophoresis (barbital buffer 
solution; pH 8.4; ionic strength 0.03; 
temperature 4 C; potential gradient of the 
electric field 20 V/cm. for 25 minutes) in 
the same fish revealed 11 cortical and 12 


Fig. 3.—Diagrams of agar micropherograms of lens proteins in Okapia johnstoni: tempera- 
ture 4 C, potential gradient of electric field 20 V/cm. for 25 minutes; (a) cortex and (b) 


nucleus. 
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TABLE 3.—Agar Microelectrophoresis at High 
Tension of Soluble Lenticular 
Proteins in Okapi * 


Cortex Nucleus 
Relative Mobility % of Relative Mobility % of 
of Fractions Fractions of Fractions Fractions 


0.94 (a-crystallin) 37.4 0.97 (a-crystallin) 31.9 


0.64 13.0 0.67 = 0.59 2.0 
0.58 0.8 0.59 = 0.55 1.5 
0.55 1.0 0.54 13 
0.52 13 0.51 2.0 
0.50 1.9 0.49 18 
0.47 3.3 0.46 3.2 
0.44 6.6 0.43 79 
0.42 = 0.36 (max. 16.7 0.40 = 0.37 (max. 0.38) 10.7 
0.38) 
0.31 9.1 0.30 7.5 
0.24 2.2 0.24 2.5 
0.19 2.1 0.18 5.3 
0.15 14 0.14 24 
0.11 44 0.11 7.3 
0.09 0.6 0.09 2.6 


* Rapid fractions not taken into account. 
nuclear fractions 
Table 4.) 

Agar microelectrophoresis at high tension 
(barbital buffer solution pH 8.4; 
strength 0.03; temperature 4 C; potential 
gradient of the electric field 40 V/cm. for 
22 minutes), again in the same fish, revealed 


(Figs. 2 and 6 and 


ionic 


a 


Taste 4—Agar Microelectrophoresis of Soluble 
Lenticular Proteins in Spotted Dogfish 


Cortex Nucleus 
Relative Mobility % of Relative Mobility % ot 
of Fractions Fractions of Fractions Fractions 
1.60 = 1.04 (rapid 2.3 1.04 (rapid frac- 2.0 
fractions) tions) 
0.81 (a-crystallin) lhl 0.81 (a-crystallin) 2.9 
0.51 = 0.42 49 0.67 = 0.46 (max. 0.48) 22.1 
0.46 = 0.37 (max. 0.44) 11.6 
0.36 31.5 3.1 
0.30 23.9 0.30 1.6 
0.24 48 0.25 19 
0.20 8.5 0.20 3.3 
0.12 2.0 0.12 4.9 
0.07 2.3 0.07 13.6 
—0.03 2.1 —0.03 15.6 
—0.08 8.6 —0.08 17.4 


16 cortical and 15 nuclear fractions (Figs. 2 
and 7 and Table 5) 

Paper electrophoresis of lenticular pro- 
teins in infants reveals four different frac- 
tions, Fraction I corresponding with 
a-crystallin. By agar electrophoresis at 
25 -C, using relatively low tension (8-10 
V/cm.), we were able to distinguish at least 
10 different and 
Rabaey, 1957). 

Agar microelectrophoresis at high tension 
and low temperature further increases the 


fractions (Francois 


+ 
+ 
Fig. 4—Diagrams of agar micropherograms of lens proteins in Okapia johnstoni: tempera- 


ture 4 C, potential gradient of electric field 40 V/cm. for 22 minutes (rapid fractions not 


taken into account) ; 


Francgois—Rabaey 


(a) cortex and (b) nucleus, 
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Fig. 5. 
diagram of lens proteins in spotted dogfish; (a) 
cortex and (b) nucleus. 


Paper pherogram and corresponding 


power of separation and makes 13 fractions 
distinguishable with certainty. 

For comparison we present pherograms 
and diagrams of soluble lenticular proteins 
in a neonate, first as fractionated by paper 
electrophoresis (Fig. 8) and then as frac- 
tionated by agar electrophoresis at 4 C and 
an electric field potential of 20 V/cm. for 
25 minutes (Figs. 9 and 10). Tables 6, 7, 
and 8 show the proportion of the various 
fractions and their mobility according to 


ik 


Tas_e 5.—Agar Microelectrophoresis at High 
Tension of Soluble Lenticular Proteins 
in Spotted Dogfish* 


Cortex Nucleus 
Relative Mobility % of Relative Mobility % ot 
of Fractions Fractions of Fractions Fractions 
0.81 (a-crystallin) 16.5 a-crystallin - 
0.54 2.1 0.61 = 0.52 14.7 
0.49 14 0.49 6.5 
0.44 44 0.45 79 
0.42 = 0.36 17.6 0.42 = 0.37 5.0 
0.34 15.6 0.35 3.5 
0.30 13.8 0.30 1.3 
0.25 3.6 0.26 2.5 
0.20 9.0 0.20 3.6 
0.16 1 0.16 2.2 
0.13 17 0.13 3.6 
0.07 2.7 0.07 14.5 
0.03 0.5 0.02 13 
0.03 2.5 =—0.02 14.3 
—).08 73 —0.08 19.1 


* Rapid fractions not taken into account. 


paper electrophoresis, agar electrophoresis 
at 25 C (10 V/cm. for 25 minutes) and at 
4 C (20 V/cm. for 25 minutes). 

The protein composition of the human 
lens rapidly changes during aging (Frangois 
and Rabaey, 1957). Even with agar electro- 
phoresis at ordinary temperatures and low 
tension, without determination of mobility, 


Fig. 6.—Diagrams of agar micropherograms of lens proteins in Scyllium canicula: tempera- 
ture 4 C, potential gradient of electric held 20 V/cm. for 25 minutes; (a) cortex and (b) 
nucleus. The place where the line is interrupted corresponds to the place where the solution 


has been introduced into the agar gel. 
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TABLE 6.—Paper Electrophoresis of the Lens of a 
Neonate * 


TaBLe 7.—Agar Microelectrophoresis of the Lens 
of a Neonate* 


% of Fractions 
I Il Ill IV 


Total lens extract 30.4 26.7 19.1 28.8 


* Barbital buffer solution; pH 8.6; ionic power 0.1. 


fractionation of proteins in older lenses 
cannot be carried out to an extent sufficient 
to study and to interpret the changes which 
occur. High-tension electrophoresis, how- 
ever, has made it possible to attain satisfac- 
tory separation of proteins, not only in 
older lenses but even in cataractous lenses. 
Determination of mobility is particularly 
important in order to identify and to com- 
pare the numerous protein fractions in 
various normal and particularly in opacified 
lenses. 


By way of example we present a phero- 
gram and a diagram of soluble lenticular 
proteins in a man aged 35 (Figs. 9 and 10). 
Considerable changes are immediately ap- 
parent, at this age, in the protein composi- 
tion of the lens. The first pherogram was 
obtained at 4 C, with a potential gradient of 
the electric field 20 V/cm. for 25 minutes ; 
the second was obtained at 4 C, with a po- 


Relative Mobility 


of Fractions % of Fractions 
Rapid fraction 1.5; 1.2; 1.1 19 
a-Crystallin 0.94 44.3 
Middle fractions 0.67 2.2 
0.55 4.0 
0.47 2.6 
0.40 10.2 
0.30 3.45 
Slow fractions 0.23 17.1 
O11 13.3 
0.0 0.8 


* Barbital buffer solution; pH 8.4; ionic strength 0.03; tem- 
perature 25 C; potential gradient of the electric field 10 V/cm, 
for 25 min, 


tential gradient of the electric field 40 V/cm. 
for 22 minutes. We also present the phero- 
gram and diagram of a cataractous lens, 
obtained under similar conditions (Figs. 9% 
and 10). 

Considering the results obtained, it can 
be stated that as the technique is perfected 
and the power of separation increased the 
soluble lenticular proteins prove to consist 
of even more numerous fractions. The 
question may be raised as to when this 
increasing fractionation will stop. The prog- 
ress made since the now classical concep- 
tion of the three crystallins only hints at 


+ 


Fig. 7.—Diagrams of agar micropherograms of lens proteins in Scyllium canicula: tempera- 
ture 4 C, potential gradient of electric field 40 V/cm. for 22 minutes. (rapid fractions not 
taken into account); (a) cortex and (b) nucleus. 


Frangois—Rabaey . 
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Fig. 8.—Paper pherogram and corresponding 
diagram of lens proteins of a neonate: total lens. 
the complexity of the protein composition 
of the lens. 

It must be admitted, meanwhile, that the 
majority of the fractions obtained by high- 
tension electrophoresis are symmetrical and 
show no heterogeneity, although the middle 
fractions show certain peculiarities, such as 
the appearance of a fraction very widely 
stretched. 

The question should also be raised as to 
the extent to which these numerous fractions 
correspond with actually different proteins. 
Numerous so-called pure proteins, such as 
hemoglobin and lactalbumin, would seem to 
be composed in actual fact of more than 
one fraction when submitted to technically 
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TABLE 8.—Agar Microelectrophoresis at High 
Tension of the Lens of a Neonate * 


Relative Mobility 


of Fractions % of Fractions 

Rapid fractions 1.6; 1.3; 1.2; 1.1 3.4 
a-Crystallin 0.95 37.9 
0.65 2.2 

0.58 14 

0.54 3.0 

0.45 2.7 

0.40 10.1 

0.32 4.3 

0.25 6.8 

0.20 14.2 

0.13 4.0 

0.10 9.2 

0.02 0.7 

—0).03 0.2 


* Barbital buffer solution; pH 8.6; ionic strength 0.03; po 
tential gradient of the electric field 20 V/cm. for 25 min. 


flawless electrophoresis. In cattle, for ex- 
ample, lactalbumin consists of two electro- 
phoretic fractions, the appearance of which 
depends on the breed examined ( Aschaffen- 
burg and Drewry, 1957). 

The mobility of a-crystallin differs ac- 
cording to whether it is found in an extract 
of the cortex or of the nucleus of the lens 
in young animals (e. g., okapi) and accord- 
ing to the degree of polymerization of this 
protein (Rabaey, 1958). On the other hand, 
one must take into account the possibility of 


secession or interaction between various 


proteins. 


| Fig. 9—Agar micro- 

| pherograms of proteins of 
the human lens. J, Neo- 
nate: temperature 4 C, 
potential gradient of elec- 
tric field 20 V/cm. for 
25 min. JJ, (a) normal 
lens of a man, aged 35: 
temperature 4 C, potential 
gradient of electric field 
20 V/cm. for 25 minutes; 
(b) lens of a man, aged 
35: temperature 4 C, po- 
tential gradient of electric 
field 40 V/cm. for 22 
minutes. Cataractous 
lens: temperature 4 C, 
potential gradient of elec- 
tric field 20 V/cm. for 25 
minutes. 
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However this may be, the separation of Summary 
fractions which represent a modified condi- This is a report on the progress made by 
tion of a given protein remains important, agar microelectrophoresis and high-tension 
as it paves the way toward an investigation microelectrophoresis as compared with the 


of the dynamics of lenticular proteins. old techniques (free electrophoresis or paper 
I 
+ 


IIb 


Fig. 10.—Diagrams of the human lens. /, Neonate: temperature 4 C, potential 
gradient of electric field 20 V/cm. for 25 minutes. //, (a) normal lens of a man, aged 35: 
temperature 4 C, potential gradient of electric field 20 V/cm. for 25 minutes; (b) normal lens 
of a man, aged’ 35: temperature 4 C, potential gradient of electric field 40 V/cm. for 22 
minutes. The a-crystallin is not represented. III, Cataractous lens: temperature 4 C, po- 
tential gradient of electric field 20 V/cm. for 25 minutes. 
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The new methods have 
considerably greater powers of separation. 
In infants, paper electrophoresis of lentic- 
ular proteins only reveals 4 fractions, 
whereas agar electrophoresis reveals 10 dif- 
ferent fractions and high-tension microelec- 
trophoresis reveals even 13 fractions. 


electrophoresis ) . 


2, Avenue Pasteur. 
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Experimental Aberrant Lipogenesis 


V. Biochemical Evidence of Oleate-Induced Lipid Formation in the Cornea 


KEVIN HILL, M.D.; JIN H. KINOSHITA, Ph.D., and TOICHIRO KUWABARA, M.D., Boston 


The formation of a sudanophilic lipid 
by cells of the cornea when supplied with 
oleic acid or sodium oleate was first reported 
by Cogan and Kuwabara, in 1954.)* Subse- 
quent studies of this phenomenon, termed 
by them “aberrant lipogenesis,” recently 
have been summarized by them in a series 
of papers analyzing observations on the 
serum,® substrate,* and tissue® factors in- 
volved. In_ these studies 
formation of lipid demonstrated 
primarily by the accumulation of sudanophilic 
material within the cells. 

Although Sudan staining has been widely 
used for the detection of lipids, it does not 
identify the type of lipid found in_ the 
corneal cells. It is conceivable that these 
cells, rather than synthesizing lipid, were 
concentrating the oleic acid as such in a 
manner similar to that which has been shown 
for amino acids.* Aware of this alternative 
explanation of their findings, Cogan and 
Kuwabara supported their contention that 
this is, in fact, lipogenesis by the corneal 
cells with evidence supplied by an additional 
staining technique, the Nile blue reaction? 
The red staining of the lipid with Nile blue 
is customarily interpreted as indicating a 
neutral fat rather than a fatty acid. 

However, definitive identification of the 
lipid must depend on biochemical methods, 
and it is obviously desirable to test these 
observations by means other histo- 


oleate-induced 
was 
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chemical. Accordingly, experiments were 
undertaken to study by tracer techniques the 
phenomenon of oleate-induced lipid forma- 
tion. The specific purpose of the present 
study was to determine whether this lipid 
was oleic acid or an oleate-containing lipid. 

The evidence to be presented indicates 
that the lipid accumulated in corneal cells 
upon incubation with oleate is an oleate- 
containing lipid, presumably an ester, rather 
than concentrated oleic acid. The amount 
of oleate incorporated into this lipid by 
corneal cells of the rabbit can be correlated 
with the degree of sudanophilia of these 


cells. 


Methods and Materials 


For those experiments in which bovine 
corneal epithelium was used, sheets of the 
epithelium were removed by scalpel from 
the eyes of freshly slaughtered cattle at a 
local abattoir. The epithelium was collected 
in sterile tris (tris [hydroxymethyl] ami- 
nomethane) buffer, the collection flasks 
being weighed before and after the addition 
of the epithelium to obtain the wet weight 
of the tissue. At the laboratory, the 
epithelium was washed by immersion in two 
changes of tris buffer. Penicillin was added 
in a concentration of 500 units per milliliter 
to all media. Batches of epithelium, each 
usually consisting of 15 epithelial sheets and 
weighing between 500 and 1,000 mg., were 
then placed in sterile flasks. The medium, 
containing either tris buffer or horse serum, 
was added in a quantity of 2 ml. per 
epithelial sheet. Radioactive sodium oleate 
was added in a concentration of 7pM. 
per milliliter. The 1-C sodium oleate was 
prepared from 1-C "4 oleic acid (Tracerlab) 


and diluted to the appropriate specific 
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activity with nonradioactive sodium oleate 
prepared from oleic acid which had been 
purified according to the method of Schlenk 
and Holman.” The flasks were closed with 
rubber stoppers; the gas phase was air. The 
epithelium was incubated for 24 hours at 
37 C. 

For other experiments in which full- 
thickness rabbit corneal buttons were used, 
the corneas were excised from freshly killed 
albino rabbits and each cornea was divided 
into approximately 15 buttons. The buttons 
from two whole corneas were incubated for 
48 hours at 37 C in horse serum to which 
radioactive sodium oleate, 71M. per mil- 
liliter, had been added. Buttons from two 
whole corneas were similarly incubated in 
tris buffer containing 100 mg. % of glucose 
and radioactive sodium oleate. 

After incubation of the bovine corneal 
epithelium or of the rabbit corneal buttons, 
the media were tested for bacterial contami- 
nation and tissue samples were fixed in 5% 
neutral formalin for subsequent histochemi- 
cal study. The pH range of the media in 
all cases was between 7.0 and 8.0. CO, 
analyses after incubation indicated that an 
insignificant amount of the oleate had been 
oxidized under the conditions of the experi- 
ments, 

The remainder of the corneal tissue was 
homogenized in a Potter-Elvehjem tissue 
grinder, and the lipids were extracted ac- 
cording to the method of Folch.* The 
petroleum ether extracts of lipids so ob- 
tained were passed through an anion-ex- 
change-resin column, IRA-400 hydroxide 
form, to remove the unreacted oleate * 
carried over in the solvent. Aliquots of the 
effluent from the resin column were plated 
out to infinite thinness in stainless-steel 
planchets containing a disc of lens paper to 
give more even distribution of the solution. 
After evaporation of the solvent, the radio- 


* Unreacted oleate refers to the sodium oleate 
or oleic acid which is not incorporated into lipid 
by corneal cells. It is believed that the oleate which 
is incorporated into lipid by corneal cells is esteri- 
fied with one or more alcoholic compounds, such 
as glycerol or cholesterol. 
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activity was counted in a windowless flow 
counter. 


To establish the efficiency of the anion- 
exchange resin in removing unreacted oleate 
present in lipid extract, several experiments 
were done. First, bovine corneal epithelium 
was incubated in tris buffer and oleate for 
a time (15 minutes) so short that the 
amount of oleate incorporated into lipid 
would be negligible; second, heat-inactivated 
epithelium was incubated in serum and oleate 
for 24 hours; third, epithelium was in- 
cubated for 24 hours in serum and oleate 
to which iodoacetate was added in a con- 
centration sufficient to inhibit oleate incor- 
poration completely. Untreated epithelium 
incubated for 24 hours in serum and oleate 
without inhibitors provided “normal control” 
values of the amount of oleate-induced lipid 
formation. After incubation, the epithelium 


Tas_e 1.—Removal of Unreacted Oleate from 
the Petroleum Ether Extract by the 


Anion-Exchange Resin 


Counts/ Min. 
Recovered in 
Petroleum Ether 
Extract 
Exper- State of Incubation Inhib- Before After 
iment Tissue Period itor Resin Resin 


1 Untreated 15min. None 4,738 * ot 
2 Heatedat 24hr. None 6,720 Ot 
56 C for 
30 min. 
3 Untreated 24hr. Todoacetate 4,785 ot 
(5<10-#M) 
Controls Untreated 24 hr. None 10,395 5,445 


* Values represent the average of at least two observations 
except for Experiment 2. 
t Negligible counts above background. 


was homogenized and the lipids were ex- 
tracted. The radioactivity of the petroleum 
ether extracts before and after passage 
through the resin column was counted, and 
the data are presented in Table 1. 

It is apparent from this Table that un- 
reacted oleate is carried over in the 
petroleum ether extract but that the anion- 
exchange resin is highiy efficient in removing 
it from the extract. The radioactivity re- 
maining in the effluent from the resin 
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TaBLe 2.—The C” Oleate Incorporation by Bovine 
Corneal Epithelium in Tris Buffer and in Serum 


TaBLe 3.—The C’ Oleate Incorporation by Rabbit 
Corneal Cells in Tris Buffer and in Serum 


Experiment Tris-Oleate * Serum-Oleate * 

1 6,600 

2 1,500 9,200 

3 4,200 8,300 

4 2,900 7,200 

5 5,400 7,100 

6 3,100 6,300 

7 4,800 8,600 
Mean 3,65041,270 (8. D.) —-7,614-+ 950 (S. D.) 


* Counts/min/gm. epithelium (wet weight)/24 hr., corrected 
to an initial specific activity of 1000 counts/min/y»M. 


column, in the control experiments, repre- 
sents that oleate which is incorporated, 
presumably by a process of esterification, 
into lipid. 


Results 


The amount of C™ oleate incorporated 
into lipid by bovine corneal epithelium 
incubated for 24 hours in serum and in tris 
buffer was determined. The reproducibility 
of the results, with use of the techniques 
described, is shown by the values recorded 
in Table 2. The range of the values obtained 
from the cells incubated in tris buffer (1,500 
to 5,400 counts per minute per gram per 
24 hours) was greater than that obtained 
from the cells incubated in serum (6,300 
to 9,200 counts per minute per gram per 
24 hours). The results indicated that con- 


sistently more oleate was incorporated in the 
presence of serum than of tris buffer. The 
average amount of the oleate incorporated 
in tris buffer was 3,650 counts per minute 
per gram per 24 hr., while in serum it 


Till ct al. 


Sudanophilia of 
Stained Sections 
Tris Serum —_ 
Oleate * Oleate * Tris Oleate Serum Oleate 
542 4,916 0 ++++ 
141 3,587 0 ++++ 
410 6,442 0 ++++ 


* Counts/min/2 corneas/48 hr. Specific activity of oleate is 
equal to 2,600 counts/min/™M. 


was slightly more than twice this value 
(7,614). However, the dependency of the 
oleate-induced lipogenesis on the presence of 
serum in the bovine corneal epithelium was 
not as striking as that previously observed 
in rabbit cornea by histochemical techniques. 
Staining of the bovine corneal epithelium 
incubated in serum and oleate revealed that 
only sparse amounts of sudanophilic ma- 
terial were demonstrable. It appeared that 
removal of the epithelium by scraping the 
cornea had altered the capacity of the cells 
to form fat. Experiments were, therefore, 
conducted with use of rabbit cornea in 
place of the bovine corneal epithelium. To 
compensate for the smaller amount of tissue 
the incubation period was lengthened from 
24 to 48 hours. The amount of oleate in- 
corporated into lipid by full-thickness rabbit 
corneal buttons when incubated in serum 
and oleate and in tris buffer and oleate was 
determined and correlated with the sudano- 
philia of the stained sections. These data 
are presented in Table 3. The amount of 
oleate incorporation by cells incubated in 
serum is approximately 10 times that of 


The comparison of the 
oleate-induced lipogenesis 
observed in serum (4) 
and tris buffer (B). The 
Ee sections were stained with 
Sudan IV but not with 

hematox ylin. 


49/363 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


cells incubated in tris buffer. The chemical 
findings were supported histochemically 
(Figure), in that the intracellular sudano- 
philic droplets were present in abundance 
in the epithelium, stromal cells, and endo- 
thelium of corneal buttons incubated in 
serum and oleate, whereas no sudanophilia 
was demonstrable in corneal buttons simj- 
larly incubated in tris buffer and oleate. 

Recent observations by Cogan and 
Kuwabara indicate that palmitate and stear- 
ate are similarly incorporated by rabbit 
corneal cells into a lipid which is non- 
sudanophilic, but which is demonstrable 
histochemically as birefringent crystals.° 
Preliminary studies of the incorporation of 
radioactive palmitate as determined by the 
methods described here confirm their ob- 
servations. Thus, in one experiment in which 
rabbit corneal buttons were incubated for 
48 hours in tris buffer and palmitate and in 
serum and palmitate, the incorporation of 
1-C'4-palmitate in tris buffer was 400 counts 
per minute per two corneas per 48 hours, 
while in serum it was 6,300 counts per 
minute per two corneas per 48 hours. The 
initial specific activity of palmitate in this 
experiment was 5,000 counts per minute per 
micromol. 


Comment 


The data presented demonstrate the in 
vitro incorporation of C™ oleate into lipid 
by both bovine and rabbit corneal cells. The 
lipid accumulated in the cells is a substance 
other than oleic acid. Since any unreacted 
sodium oleate or oleic acid would have 
been removed by the anion-exchange-resin 
column, the radioactive substance detected 
after the resin treatment is most likely some 
form of an oleate ester. Investigations are 
currently being conducted to establish this 
substance as a glyceride, a phosphatide, or 
an ester of cholesterol.t 

As in the experiments reported in pre- 
vious papers in this on aberrant 
lipogenesis, serum enhanced to a marked 
degree the incorporation of oleate in the 


series 
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rabbit cornea. However, by the tracer 
technique a more quantitative evaluation of 
this phenomenon was possible. A tenfold 
increase was observed in the oleate incor- 
poration by the rabbit corneal cells when 
serum replaced tris buffer as the incubating 
medium. The mechanism by which serum 
acts to increase markedly oleate-induced 
lipid formation is not known. It is possible 
that serum in some way facilitates entry of 
oleate into the cell; on the other hand, it 
may supply co-factors necessary for optimal 
lipid formation. 

An important question concerning the 
experiments reported here is whether the 
oleate-induced lipid formation represents net 
synthesis rather than a process of exchange 
esterification. While the present study does 
not unequivocally demonstrate net syn- 
thesis, certain observations suggest that net 
synthesis occurs. First, oleate-induced lipid 
formation requires energy derived from 
anaerobic metabolism, as indicated by the 
complete inhibition of the process by 
iodoacetate (Table 1). Partial inhibition of 
the process by nitrogen atmosphere 
indicates that energy derived from aerobic 
metabolism is also necessary. Second, the 
biochemical demonstration of the incorpora- 
tion of oleate into lipid is associated with 
the concomitant accumulation of intracellular 
sudanophilic material by the corneal cells. 
Autoradiographic preparations further show 
that radioactive oleate is present within 
corneal cells after incubation in locations 


apparently identical with those of the 
sudanophilic droplets. 
Summary 


A method of investigation with use of a 
radioactive tracer is described whereby 
oleate-induced lipid formation was studied. 
The incorporation of C'™ oleate into a lipid 
or lipids is demonstrated and supported by 
histochemical observations in rabbit corneal 
cells. The essential role of serum for the 
augmentation of the oleate-induced lipid 
formation is again noted. The lipid formed 


t Hill, K.: Unpublished observations. 
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is a substance other than free oleate and is 


presumably formed by esterification of the 
oleate. 


243 Charles St. (14). 
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Until recently many ophthalmologists'*:7* 
considered that the prognosis of keratoplasty 
for Fuchs’ dystrophy was poor. In 1952, 
however, Stocker '* reported two successful 
grafts for Fuchs’ endothelial and epithelial 
dystrophy. In 1953, Paton* included the 
results of keratoplasty in 13 cases of Fuchs’ 
dystrophy, with five successful grafts. In 
1956, Stocker’ reported 12 more cases, 
with good results in seven eyes, fair results 
in two eyes, and failure in three eyes. 

The present study reports the outcome 
of keratoplasty for Fuchs’ dystrophy per- 
formed on 20 eyes of 18 patients at the 
Manhattan Eye, Ear, and Throat Hospital 
from 1952 to early 1957, which were fol- 
lowed from 3 to 36 months (average, 11.4 
months). Five patients (six eyes) were 
from the cornea clinic of the hospital, and 
the others were private patients of Dr. Paton 
(eleven patients, twelve eyes), Dr. H. Kat- 
zin (one patient, one eye), and Dr. A. I. 
Turtz (one patient, one eye). 

Twenty-three keratoplasties were per- 
formed in the 20 eyes. Twenty-two were 
partial penetrating grafts, including nine- 
teen of 6 mm. and three of 7 mm. diameter. 
In one case, a 7 mm. lamellar graft was 
used. Two patients had bilateral kerato- 
plasty, and three required reoperation be- 
cause the original graft became cloudy. In 
two of the latter cases, corneal abscesses 
caused the clouding and the second graft 
remained clear; in the third case, the first 
graft clouded after cataract extraction and 
the second graft also clouded. 


Results of Keratoplasty for 
Fuchs’ Dystrophy 
As is shown in Table 1, clear grafts were 
obtained in 14 (70%) of the total series of 
20 eyes. Results in eyes with early or mod- 
Submitted for publication Aug. 19, 1958. 
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TABLE 1.—Results of Keratoplasty for Fuchs’ 
Dystrophy in Twenty Eyes of Eighteen 


Patients 
Eyes, Clear Grafts, Cloudy Grafts, 
Stage No. No. No. 
Early to moderate 12 10 (83.4%) 2 (16.6%) 
Advanced 8 4 (50.0%) 4 (50.0%) 
Totals 2 14 (70.0%) 6 (30.0%) 


erate disease, however, were strikingly better 
than results in eyes with advanced dys- 
trophy. This observation agrees with earlier 
observations by Paton *® and Stocker.*:'° 

In his earlier report, Stocker stated his 
belief that the chances of successful grafting 
for Fuchs’ dystrophy were greater if the 
area of the dystrophy were surrounded by 
an area of healthy endothelium and if all, 
or nearly all, of the degenerated area was 
replaced by healthy donor tissue. He also 
recommended the use of donor material 
from persons under the age of 40 because 
of the higher incidence of endothelial 
changes in older eyes. Goar? reported that 
6% of persons over 40 have central en- 
dothelial degenerative changes. In his later 
report, Stocker !° divided his 12 cases into 
those with favorable and unfavorable prog- 
nosis. The cases classed as favorable com- 
prised those with a circle of healthy corneal 
tissue surrounding the central dystrophy; 
those classed as unfavorable were the eyes 
with dystrophy involving the entire cornea. 
Of seven cases in the first, or favorable, 
group, six had clear grafts and the seventh 
was fairly satisfactory. In the second, or 
unfavorable, group, one had a clear graft; 
one a fairly clear graft, and three were 
failures. 

In the present series, 12 eyes were classed 
as early or moderate dystrophy and 8 as ad- 
vanced cases. The exact area of involve- 


TaBLe 2.—Clear Grafts Following Keratoplasty 
for Fuchs’ Dystrophy—Earlvr Study 
by Dr. R. T. Paton 


Vision 
Pre- Post- Follow-Up 
operative operative Mo. 
5 clear grafts with 20/40 20/20 6 
visual improvement 20/70 20/60 3 
& no changes in 20/200 20/80 6 
lens 20/400 20/25 9 
15/400 20/40 44 
3 clear grafts followed 20/400 20/300 8 
by lens changes but Hm. 20/60 39 
no cataract extrac- Hm. 20/70 35 
tion 
5 clear grafts followed Graft Cloudy Graft Clear 


by lens changes & 3 2 
cataract extraction 


ment was not recorded. The preoperative 
vision in the early or moderate cases were 
20/400 in five cases, 20/200 in two cases, 
20/100 and 20/70 in one case each, 20/40 
in two cases, and 20/30 in one case. In the 
advanced cases, vision was no better than 
counting fingers at 3 ft. in any one instance. 
In the first group, 83.4% had clear grafts, 
and in the second, 50% (Table 1). Thus, 
the results of keratoplasty for Fuchs’ dys- 
trophy in this series are successful in a high 
proportion of early and moderate cases and 
considerably less successful in advanced 
cases. 


Cataract Associated with Fuchs’ 
Dystrophy 

In evaluating final vision after kerato- 
plasty for Fuchs’ dystrophy, the frequency 
of associated cataract is an important con- 
sideration. The cataract is sometimes pres- 
ent at the time of grafting, but more often 
it appears later. This complication has also 

been observed by Stocker }* and Paton. 
Table 2 summarizes Paton’s earlier ex- 
perience with 13 cases. Five of these eyes 
had clearly improved vision with no cata- 
racts. Three had decidedly improved vision 
over a considerable period of observation in 
spite of lens changes. In five instances suc- 
cessful keratoplasty was followed by suffic- 
ient lens opacity to warrant cataract extrac- 


Paton—Swartz 


KERATOPLASTY FOR FUCHS’ DYSTROPHY 


tion in the hope of improving vision. In 
three of these cases the graft became cloudy 
after the cataract operation, and in two they 
remained clear. 

Stocker '! has also had both successful 
and disappointing results in cases requiring 
both keratoplasty and lens extraction. Re- 
cently he has performed both operations at 
the same time when a well-developed cata- 
ract was present at the time of grafting. 
This method has also produced irregular 
results, but the series is still too small to 
permit conclusions. 

In the present series, 12 of the 20 eyes 
had cataracts which interfered with vision. 
Four, including one case with bilateral cat- 
aract, have not yet been operated on, Table 
3 summarizes the results of intracapsular 
extraction in seven eyes after keratoplasty. 

In the four eyes with clear grafts at the 
time of cataract extraction, the operation 
was performed 3, 7, 11, and 12 months, 
respectively, after the corneal grafting. In 
the cases operated on 7 and 12 months after 
keratoplasty, the graft remained clear; in 
those operated on 3 and 11 months after 
grafting, the cornea became opaque. Of 
particular interest is one patient who had 
bilateral keratoplasty with clear grafts and 
bilateral cataract extraction. The cataract 
was extracted from the first eye three 
months after grafting, and the cornea later 
became opaque. When the second eye also 
developed cataract, operation was deferred 
until 12 months after keratoplasty, and the 
graft remained clear. While the number 
of cases is still small and the results some- 
what irregular, it is at present the policy 
of the Manhattan Eye, Ear, and Throat 


TABLE 3.—Results of Cataract Extraction in Seven 
Eyes After Keratoplasty 


After Extraction 


— 


Graft at Time of Graft 


Cataract Extraction Eyes, No. Graft Clear Cloudy 
3 0 3 
4 2 2 

7 2 5 
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Taste 4.—Postoperative Vision Following 
Successful Keratoplasty for 
Fuchs’ Dystrophy 


Vision Eyes, No. 
20/20 — 20/40 4 (28.7%) 
20/40 — 20/80 6 (42.9%) 
20/80 — 20/2) 2 (14.2%) 
20/200 or less 2 (14.2%) 

Total 14 (100%) 


Hospital to postpone cataract extraction in 
these cases until at least a year after karato- 
plasty. 


Final Vision After Successful 
Keratoplasty for Fuchs’ 
Dystrophy 

Table 4 shows the vision in the 14 eyes 
with clear grafts and comprises both favor- 
able and unfavorable cases. The tabulated 
eyes include two which have had second 
grafts because the first ones clouded, two 
with grafts which remained clear after 
cataract extraction following keratoplasty, 
and five eyes with clear corneas but with 
vision variably reduced by lens clouding. 
A total of 71.5% had final vision between 
20/20 and 20/80, which represents a high 
level of improvement compared with the 
preoperative vision, 


Comment 

This study confirms the more recent view 
that keratoplasty offers a favorable prog- 
nosis in cases of Fuchs’ dystrophy, espe- 
cially in early and moderate cases. Fourteen 
of twenty eyes had clear grafts an average 
of 11.4 months after keratoplasty and a 
high level of visual improvement, in spite 
of cataracts in some cases. Particularly 
striking is the improvement noted in three 
of Paton’s earlier patients with preoperative 
vision between hand movements and 
15/400 who maintained vision of 20/40 to 
20/70 from three to four years after opera- 
tion (Table 2). 

Partial penetrating grafts were used in 
all but one case, for which a 7 mm. lamellar 
graft was used. The choice was based on 
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the nature of the disease, which is primarily 
endothelial. The purpose of the lamellar 
graft is to create a cicatrix between the host 
and donor tissue, leaving the anterior por- 
tion of the cornea clear, a procedure which 
seems unsuitable for Fuchs’ endothelial 
dystrophy. In addition, the excellent re- 
sults obtained in this series with penetrating 
grafts suggests that they are to be pre- 
ferred. 

Because only three grafts of 7 mm, diam- 
eter were used in this series, comparison 
of results using grafts of larger and smaller 
size is not possible. Two of the 7 mm. 
grafts were placed in early to moderately 
affected eyes and one, in an eye with ad- 
vanced Fuchs’ dystrophy. The first two 
were successful and the second was a fail- 
ure, suggesting that the stage of the disease 
rather than the size of the graft may be the 
determining factor. In favor of using the 
larger graft is the fact that they replace 
more of the diseased tissue. On the other 
hand, larger grafts are more subject to 
complications.* In view of this considera- 
tion and the success achieved in all stages 
of the disease with 6 mm. grafts, the smaller 
graft seems indicated in most cases, 

The high incidence of cataracts associated 
with Fuchs’ dystrophy raises questions 
which cannot as yet be answered. The 
small number of cases in this and other 
reports does not warrant an assumption 
that cataract is a part of the picture of 
Fuchs’ dystrophy. It seems more probable 
that corneal grafting, like operations for 
glaucoma, hastens the development of in- 
cipient lens changes. Whatever the relation- 
ship, the management of a patient with 
Fuchs’ dystrophy and cataracts poses a 
difficult problem. While results are often 
discouraging, improvement—which may be 
striking—does occur in some of these cases. 

The problem of cataract in an eye with 
l'uchs’ dystrophy also raises the question of 
handling a patient with cataract and very 
early endothelial dystrophy in the form of 
cornea guttata. This combination is _rela- 
tively frequent, and ophthalmologists have 
been concerned as to the possibility of the 
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cornea becoming opaque after cataract ex- 
traction in patients with this form of dys- 
trophy. Some surgeons believe that a 
scleral incision should be used in order to 
avoid incision in the cornea and consequent 
access of aqueous to the superficial corneal 
tissue. However, the degenerated endothe- 
lium in this condition is central, and the 
process is entirely different from that of 
peripheral degeneration with Hassal-Henle 
bodies. Both Stocker 1 and Paton believe 
that the important consideration is avoid- 
ance of injury to the endothelium rather 
than the site of the incision. They there- 
fore advocate the usual the 
limbus. 


incision at 


Summary 

The results of keratoplasty for Fuchs’ 
dystrophy in 20 eyes of 18 patients are 
analyzed. The grafts remained clear in 14 
cases, or 70% of the series. Grafts re- 
mained clear in a high proportion of cases 
of early and moderate Fuchs’ dystrophy 
(83.4% ) but in a smaller proportion of 
advanced cases (509% ). 

Associated cataract occurred in over one- 
half of the cases; results of cataract extrac- 
tion after keratoplasty are irregular and are 
rather frequently followed by clouding of 
the graft. 

Visual improvement is notable in eyes 
with clear grafts, sometimes despite lens 
clouding. 

Penetrating grafts are recommended as 
logically more suitable to endothelial disease 
than lamellar grafts. Grafts 6 mm. in di- 
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ameter give excellent results ; in view of the 
added risk of complications following larger 
grafts, they are preferable in most cases. 
The presence of cataract in these cases 
raises the question of cataract extraction in 
early cornea guttata. This is a distinct proc- 
ess, and the usual limbal incision is recom- 


mended. 
927 Park Ave. (28). 
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For some time ophthalmologists have 
recognized that keratoplasty corrects kera- 
toconus in a large percentage of cases. There 
is, however, some difference of opinion as 
to the optimal size of the grafts. Castro- 
viejo! and others have suggested a large 
graft which replaces the entire conus, be- 
cause the high corneal curvature remaining 
after a smaller graft may cause a high 
enough degree of astigmatism and myopia 
to interfere seriously with vision. Paton? 
and others, however, have found that, while 
a larger graft may at times be desirable, 
in most instances the visual problems fol- 
lowing a small graft are not severe enough 
to warrant risking the complications which 
are frequently associated with large grafts. 
The purpose of the present study is to 
evaluate the vision and refraction errors fol- 
lowing 6 and 7 mm. corneal grafts for 
keratoconus. 


Description of the Series 


The records of keratoplasty performed in 
109 eyes of 81 patients have been analyzed. 
Only cases in which the fate of the graft 
was known and the postoperative refraction 
was stabilized have been included in the 
study. The patients came from the private 
practice of Dr. Paton and Dr. H. Katzin 
and from the cornea clinic of the Manhattan 
Eye, Ear, and Throat Hospital. The ma- 
jority were patients of Dr. Paton. 

The operations were performed between 
July 1, 1953, and Aug. 1, 1957, and the 
average follow-up period was 16.4 months. 
Circular penetrating grafts were used in all 
cases. In 95 cases the graft was 6 mm. in 


diameter, and in 14 eyes a 7 mm. graft was 
used. 


Submitted for publication Aug. 19, 1958. 
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TaBLe 1.—Results of 112 Keratoplasties for 
__Keratoconus in 109 Eyes 


Graft Size, 
Mm. Eyes, No. Clear Grafts Cloudy Grafts 
6 95 90 (94.7%) 5 (5.3%) 
7 4 13 (92.9%) 1(7.1%) 
Totals 109 103 (94.5%) 6 (5.8%) 


Results of Keratoplasty for Keratoconus 


Grafts remained clear in 103 (94.5%) of 
the 109 eyes operated on. Three eyes re- 
quired a second operation because the origi- 
nal graft became cloudy, making a total of 
112 keratoplasties in 109 eyes. In addition, 
synechotomies were necessary in four cases 
in order to preserve the clarity of the graft. 
Table 1 shows the clarity of the final graft 
in the entire series and in cases with 6 and 
7 mm. grafts. Considering the small number 
of 7 mm. grafts, the differences in results 
cannot be considered statistically significant, 
but they are consistent with experience that 
smaller grafts are less subject to complica- 
tions than larger grafts. 

After operation 95 patients were made 
comfortable with ordinary glasses, while 8 
preferred contact lenses. Table 2 shows the 
corrected postoperative vision of the 109 
eyes. In most instances vision was excellent 


TABLE 2.—Corrected Vision in 103 5 pn with Clear 


Grafts After Keratoplasty for Keratoconus 
Eyes, No. 
6 Mm. 7 Mm. 

Corrected Vision Graft Graft Total 
20/20 — 20/30 67 10 77 
20/40 — 20/50 18 1 19 
20/60 — 20/70 4 1 5 
20/80 — 20/100 1 1 2 

Totals 90 13 103 
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TABLE 3.—Correction of Astigmatism in Ninety- 
Nine Eyes Wearing Ordinary Glasses After 


Keratoplasty for Keratoconus 
Graft Size, 
Mm. Eyes, No. Av. Correction 
6 86 —2.55 Comb. with 4.91x— 
7 13 —2.85 Comb. with 5.21x— 


Average for Total 99 Eyes —2.58 Comb. with 4.95x— 


and satisfactory to both the patient and the 
surgeon. Of the total series, 74.7% had 
20/30 vision or better and 93.2% had 20/50 
or better. While a slightly larger percentage 
of those with 7 mm. grafts had 20/30 or 
better, a considerably larger proportion of 
those with 6 mm. grafts had 20/50 or better. 
Considering the small number of 7 mm. 
grafts, comparison of the results is not 
practical, but it is evident that the 6 mm. 
grafts do achieve excellent vision. 


The results of refraction were available 
for only 99 eyes; in the other cases vision 
was recorded only with contact lenses. 
Minus cylinders were used in all analyses. 
As is shown in Table 3, a relatively high 
degree of astigmatism was present in most 
cases. In one instance 20/25 vision was 
achieved without a cylinder, but cylinders 
were required in all other cases. The highest 
was 13 D., which gave the patient satisfac- 
tory 20/30 vision. In all cases the correction 
was Satisfactory. 

While theoretically a 7 mm. graft should 
result in less myopia and astigmatism than 
a 6 mm. graft, the opposite is the case in 
this series. All that can be conclusively 
stated, however, is that the 6 mm. grafts 
left only refractive errors which could be 
adequately corrected, usually by ordinary 
glasses or occasionally by contact lenses. 


Comment 


The high percentage of clear grafts, the 
excellent average of corrected vision, and 
the presence of myopia and astigmatism only 
in degrees which could be satisfactorily man- 
aged by means of glasses corroborate the 
usual view that keratoplasty is a successful 
treatment for keratoconus. The operation is 
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indicated when satisfactory vision cannot 
be obtained by means of contact lenses, when 
the patient finds contact lenses irritating, or 
when the disease is progressing rapidly. 

While the number of cases with 7 mm. 
grafts is too small to permit comparison 
of results, the differences in clarity, vision, 
and astigmatism between patients having 6 
mm, and those having 7 mm. grafts is slight. 
The figures indicate clearly that the results 
of the smaller grafts are highly satisfactory. 
In view of the increased incidence of com- 
plications following larger grafts, Paton * 
has found that the 6 mm. graft seems defi- 
nitely preferable in nearly all instances. The 
7 mm. graft can, therefore, be safely re- 
served for unusual cases of corneal thinness 
or very large keratoconus which seem to 
warrant the extra risk involved in using the 
larger graft. 

The postoperative refraction, like the 
clarity of the graft, depends largely on 
surgical technique. Even slight tilting or 
protrusion of the graft gives rise to high 
astigmatic and myopic errors. The danger 
can be minimized by special attention to the 
following points: 1. The trephine should be 
placed exactly at a right angle to the cornea 
in order to avoid tilting. 2. The graft should 
be placed in an area of reasonably thick 
cornea so that a good position can be main- 
tained. 3. The graft should be firmly fixed 
to the host cornea. 

Some authors, like Philps and Fincham * 
and Pittar,> consider that a corneal splint 
should be used to keep the graft in position. 
In this series, the first stitch of the crossed 
overlying sutures was run through and over 
Paton’s plastic guard, which protects the 
graft from cutting by the thread and also 
acts to some extent as a splint. Supplemen- 
tary edge-to-edge sutures were used only 
when they seemed necessary for extra se- 
curity. 


Summary 


The results of keratoplasty performed for 
keratoconus in 109 eyes of 81 patients are 
analyzed. In 95 cases the grafts were 6 mm. 
in diameter, and in 14 cases they were 7 
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mm. in diameter. The graft remained clear 
in 103 cases, or 94.5% of the cases. The 
corrected vision was 20/30 or better in 77 
eyes (74.7%) and 20/50 or better in 96 
eyes (93.2%). The average correction after 
operation was —2.58 combined with 4.95 

In this series, myopia and astigmatism 
were slightly higher following 7 mm. than 
following 6 mm. grafts. In view of the 
smaller number of 7 mm, grafts, the only 
permissible conclusion is that the results of 
6 mm. grafts are highly satisfactory. The 
high cylinders were extremely well tolerated 
by most patients. A few required contact 
lenses. 

In view of the added complications fol- 
lowing larger grafts and the excellent results 
following 6 mm. grafts, the smaller graft 
may be considered preferable in most cases. 


Since publication of this article, we have been 
using 0000000000 virgin nonabsorbable surgical 
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(silk) sutures, threaded on an 83-4 Greishaber 
needle. There are several advantages in this fine 
suture, the main one being that in keratoconus 
it is possible to place these sutures without entering 
the anterior chamber. 

Removal of the sutures is best accomplished 
with the use of a binocular operating-room micro- 
scope, a broken razor blade, and a Chandler forceps. 


927 Park Ave. (28). 
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Tonometry—Effect of Tonometer Footplate Hole 


on Scale Reading 
Further Studies 


ROBERT MOSES, M.D., St. Louis 


In 1958 Moses and Hahn ! investigated 
the inconsistency of the low scale readings of 
the Schietz tonometer noted in the report of 
Kronfeld * and found to cause unintelligible 
results in tonography.? We found that at 
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Diseases. 


low scale readings (high pressures) the 
cornea bulges into the hole of the tonometer 
footplate, unduly elevating the plunger and 


exaggerating the estimate of intraocular 
pressure. 

At the request of the Committee for 
Standardization of Tonometers, attempts 


have been made to quantitate this effect 
further. 


Method 


A tonometer with four interchangeable 
footplates was secured, the hole diameters 
being 3.3, 3.7, 4.0, and 4.5 mm., respec- 
tively.* All measurements were made on 
patients by me, with use of the technique 
previously described of obtaining a_ scale 
reading first with the footplate with the 


* Supplied by J. Sklar Manufacturing Company. 
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smallest hole (/;) and then with a footplate 
with a larger hole (R2). The results are 
presented graphically as the difference in 
scale reading (AR=Re—R,) vs. Ry (Figs. 
1 to 3). 


Comment 

Priestly Smith * pointed out that the area 

of cornea supporting the plunger is that in 

the relationship in which Py is 
the intraocular pressure during tonometry 
(grams per square centimeter), W is the 
plunger weight (grams), and A is the area 
of the base of the indentation (square centi- 
meters). The relation between P, and 
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scale reading (R) has been established ex- 
perimentally.>* The diameter of indentation 
(D,) corresponding to A is readily calcu- 
(D,)? 


lated from A=7 . Thus the relation- 


ship between FR and D, is easily plotted, the 
relationship being the same for any plunger 
load (Fig. 4).7 

If D, is greater than the diameter of the 
footplate hole (D,), the cornea adjacent to 
the indentation should rest against the foot- 
plate and the scale reading should be true. 
If D, is smaller than Dy, the cornea between 
the limit of the indentation and the edge of 
the hole may bulge into the gap and produce 
a spuriously low scale reading. The critical 
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diameter D,;=D,y is indicated by large circles 
in the Figures. It is seen that the calculated 
critical diameter corresponds well with the 
experimental findings. 

If our analysis is correct, the maximum 
footplate hole allowable for scale 0 would be 
3.15 mm. diameter, The larger footplate 
holes were designed to retard the capillary 
rise of tears. Elimination of the gap be- 
tween footplate and plunger might be ex- 
pected to give difficulty due to tear fluid 
causing friction. However, we note (1) 
that an early Schiotz tonometer we examined 
had a hole diameter of only 3.05 mm. and 
(2) that in the clinical tonometry involved 
in this study we encountered no difficulty 
with the 3.3 mm. hole. 

It must further be noted that we used 
the 1955 calibration table for P,*® and the 
size of the footplate hole in the tonometer 
used by Friedenwald in developing these 
tables is unknown. Therefore, the tables 
themselves may be incorrect for small scale 
readings. 


Moses 
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With respect to standardizing the hole 
size, there are two possibilities: (1) to make 
the hole no larger than 3.15 mm. diameter 
so that the tonometer may be consistent to 
scale 0 or (2) to adopt a larger standard 
hole and ignore readings in which the cornea 
may protrude into the hole, the pressure in 
such eyes being estimated by use of a plunger 
load heavy enough to produce a larger than 
critical scale reading for that hole. 


Summary and Conclusions 


The effect of the size of the hole in the 
footplate upon tonometer scale reading has 
been further investigated and has been found 
to accord well with theoretical considera- 
tions. Standardization of the hole size is 
necessary. 

640 S. Kingshighway. (10). 
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Cytomegalic Inclusion Disease Uveitis 


Report of a Case with Isolation from Aqueous Humor of the Virus in Tissue 


Culture 


ROBERT P. BURNS, M.D., New York 


Cytomegalic inclusion disease or salivary 
gland virus disease is a pathologic entity that 
has been known since 1904 by the large 
intranuclear and intracytoplasmic inclusion- 
bearing cells," but it has recently been em- 
phasized because the etiology has been 
clarified and its diagnosis has been facilitated 
by modern techniques. At first it was a 
pathologic rarity described only at autopsy 
and diagnosed as congenital syphilis? and 
amebiasis.* Later cases were described 
primarily as erythroblastosis fetalis,4 kera- 
tomalacia,” whooping cough,®? toxo- 
plasmosis.* 

The salivary gland virus was originally 
described as large inclusion-bearing cells 
resembling those of cytomegalic inclusion 
disease found in the salivary glands® in a 
high percentage '® of adult animals of nu- 
merous species.'' It was found to be associ- 
ated with a weak species-specific filtrable 
virus, transmissible to unborn or young ani- 
mals for a few passages but not to adults,!* 
presumably because of spontaneous asympto- 
matic infection. There were occasional ex- 
ceptions to this benignity: a strain lethal for 
mice or guinea pigs;™ death at times in 
healthy animals used in debilitating experi- 
ments.'® 

The disease in humans is now better un- 
derstood and correlates in many ways with 
its animal counterpart. Most commonly it is 
found at autopsy as asymptomatic inclusions 
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CYTOMEGALIC INCLUSION DISEASE 
TYPICAL SYNDROME 


|. Newborn or young infant, often premature 

Fever 

Jaundice, enlarged liver and spleen 

Anemia, thrombocytopenia, petechiae, bleeding tendency 
. Cerebral calcification 


Pneumonitis 


& & 2 


Gastroenteritis 


Figure 1 


in the salivary glands of children dying of 
any cause, Incidence of these salivary in- 
clusions ranges from 12% to 
Generalized spread of the virus throughout 
the body may occur in 1.1% of children.” 
Adults seem to be susceptible to the virus 
dissemination throughout the body, particu- 
larly if affected by debilitating disease.'"* A 
number of cases have been described in pul- 
monary disease diagnosed as whooping 
cough or virus pneumonia.* However, the 
typical syndrome (Fig. 1) is of ophthal- 
mologic interest because of possible ocular 
involvement, It is being recognized more 
frequently, since differential diagnosis is pos- 
sible (Fig. 2), presumptive diagnosis can be 
assumed by periventricular calcification on 
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DIFFERENTIAL DIAGNOSIS 


Syphilis 
2 Tuberculosis 


3. Erythroblastosis 
fetalis 


4. Sepsis 


|. Serologic tests for syphilis 
2 Skin tests, cultures 
a Rh, ABO grouping, Coombs test 
4 Bacterial cultures 


: 5. Complement fixation and dye tests 
5. Toxoplasmosis 


Figure 2 
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skull x-ray,” and definite diagnosis can be 
proven by the inclusion-laden 

Isolation of the virus in human tissue 
culture has been accomplished by Smith from 
salivary gland and kidney,?* by Weller, 
Macauley, Craig, and Wirth from liver bi- 
opsy and urine,?* and by Rowe, Hartley, 
Waterman, Turner, and Huebner from sur- 
gically removed adenoids.”* 

Formerly the disease was of little oph- 
thalmologic interest, possibly because of in- 
sufficient examination, including examination 
under general anesthesia when possible. 
Keratomalacia without reported pathologic 
examination of the globes has been de- 
scribed,®:!6 and inflammation of the lacrimal 
glands without inclusion bodies has been 
reported.5> The first case of proven ocular 
disease, reported from Lebanon,”* in 1947, 
was in a one-month-old baby with necrotic 
membranous conjunctivitis which eroded the 
sclera and ciliary body. At autopsy inclusion 
bodies were seen in the tissues of the eye 
as well as in other organs. The case of 
Mercer, Luse, and Guyton ** showed normal 
fundi on physical examination, but at au- 
topsy focal retinal lesions 1X2 mm. were 
described. Lymphocytic and histiocytic in- 
filtration and glial proliferation were pres- 
ent, but no organisms were seen, Another 
case was reported by McElfresh and Arey,?* 
in which a round circumscribed patch of 
lighter color was seen in the choroid. No 
pathologic examination of the eye is men- 
tioned. Mietke ** described a case of dacryo- 
adenitis and orbital swelling in a 59-year-old 
woman in which 
found. 

The typical syndrome of cytomegalic in- 
clusion disease was well described by 
Christensen, Beeman, and Allan ** in a new- 
born infant with widespread visceral dis- 
semination of the inclusion bodies. The eye 
showed a cataract, with retinal autolysis, 
hemorrhage, and gliosis. Inclusion-bearing 
cells were found in the retina and choroid. 

Of the three cases reported by Weller et 
al.*3 in which virus was isolated, one showed 
chorioretinitis and optic atrophy and the 


cells in 


inclusion bodies were 


Burns 


ocular findings of another (FE. Esp.) are to 
be discussed in this report. 
Report of a Case 

A full description of the general clinical 
features in this patient has been published.*” 
The diagnosis has been proven by virus 
isolation from urine ***° and by finding of 
inclusion-bearing cells in urine and gastric 
washings.*! Briefly, this was a full-term in- 
fant born May 9, 1956, weighing 3% Ib. 
While the infant was still in the premature 
nursery, at 5 weeks of age, an illness charac- 
terized by hepatosplenomegaly, periventricu- 
lar cerebral calcification, and anemia 
developed. At 3 months of age, fever, 
vomiting, petechiae, thrombocytopenia, and 
leukocytosis appeared, followed by pneu- 
monitis. This subsided, and by 6 months of 
age development was normal, except that 
hydrocephalus and mental retardation were 
apparent. At this writing (December, 1957 ) 
the child is alive but mentally retarded and 
hydrocephalic. 

Ocular Examination.—The eyes were ex- 
amined by pediatric residents under mydria- 
sis as part of a screening routine for 
retrolental fibroplasia at 11 and 33 days of 
age and were considered normal. At 42 days 
of age, at the time of onset of illness, an 
area of chorioretinitis was described in the 
upper nasal quadrant of the right eye and 
the left eye was normal. 

At 110 days of age, Aug. 27, 1956, the 
right cornea was clear. The anterior cham- 
ber showed 2+ flare but no cells. The 
pupils only dilated to 4 mm. A_ fundus 
drawing on Aug. 29, 1956 (Fig. 3), showed 
in the right eye a vitreous haze and an 
acute and a healed area of choroiditis su- 
peronasally with a perivascular exudate 
along a superior temporal vessel and a de- 
posit below the macula. The left eye showed 
one healed pigmented lesion 42 D. D. in size 
in the nasal periphery (Tig. 4, inset). No 
fundus examination was done at that time 
under anesthesia, so it is possible that some 
of the lesions later seen were present and 
not found at the time of the first drawing. 
However, the progressive nature of the dis 
ease was confirmed by finding extension of 
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the superotemporal perivascular exudate, 
shown in Figure 3,* past the branching of 
the vessel one week later. 

Subsequently the ocular condition became 
progressively worse throughout September. 
Examination at approximately weekly in- 
tervals showed progression of the uveitis to 
such an extent that it appeared likely the 
right eye might be lost. The paracenteses 
performed in September and October did 
not appear to slow or hasten the progress of 
disease. At the time of the next drawing, 
on Oct. 6, 1956, at 150 days of age, the right 
cornea appeared cloudy, the iris was vas- 
cularized, there was 2+ aqueous flare with- 
out cells in the anterior chamber, and the 
vitreous was very hazy. The superonasal 
lesion was larger, and additional lesions 
were seen inferonasally and in the temporal 
periphery (Fig. 4). The left eye was un- 
changed. 

Gradually the ocular inflammation sub- 
sided. At 194 days of age, Nov. 19, 1956, 
the left eye exhibited a clear vitreous and 
four pigmented areas of healed chorioretini- 
tis, of which only the nasal one had been 
previously seen (Fig. 5). The right eye 
showed a clear anterior chamber and less 
cloudiness of the media. The superonasal 
and inferonasal lesions appeared smaller, 
circumscribed, and healed. Bands protruded 
into the vitreous from the superonasal le- 
sion. There was some atrophy and moderate 
over-all pigmentation of the healed areas but 
no sharply demarcated punched-out appear- 
ance. The optic nerves appeared white and 
atrophic. There was searching nystagmus. 

The right eye continued to show clearing 
of the vitreous until January, 1957, when a 
recurrence of the vitreous haze and recrudes- 
cence of the temporal foci of choroiditis 
recurred, Some activity was evident in a 
drawing made at 9 months of age, on Feb. 
5, 1957 (Fig. 6). The left eye still showed 
four healed areas. This appearance was 
confirmed at the time of ventriculography, 
Feb. 8, 1957, when the first fundus examina- 
tion under general anesthesia was done. 


* The figures 3 through 7, 11, and 14 through 
20 may be found in the color plate. 
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By March 28, 1957, the vitreous had 
cleared in the right eye. On June 4, 1957, 
the eyes were infraverted and there was rov- 
ing nystagmus and exotropia. The pig- 
mented areas were shrinking and blanching. 
There was a flinch reaction to light. 

Another recrudescence of inflammation in 
the right eye was noted July 17, 1957. 
There was increase in size and of the soft 
blurred grayish appearance of the foci of 
chorioretinitis in the right eye at 11 and 
2 o'clock, with an increase in vitreous haze. 
The left eye did not change. This ex- 
acerbation subsided, and no recurrence of 
activity has been noted since. A final fundus 
drawing under general anesthesia in De- 
cember, 1957 (Fig. 7), showed similar optic 
atrophy and an atrophic pebbled appearance 
in the retinas of both eyes. There was no 
vitreous haze in the left eye, and the previ- 
ously described chorioretinal lesions were 
unchanged. The right eye showed flatten- 
ing, shrinkage, and a diffuse slate-gray ap- 
pearance of the previously described areas 
of chorioretinitis. No new lesions were 
seen, and no activity was noted. 

Diagnostic Procedures—-An anterior 
chamber paracentesis was performed Sept. 
18, 1956. Aqueous, 0.1 ml., was aspirated 
into a saline-moistened syringe. The speci- 
men was contaminated with conjunctival 
fluid. One-half was shipped in melting ice 
to Dr. Thomas H. Weller, at the Harvard 
School of Public Health and was negative 
for virus growth.*° The other half was 
placed on egg-albumen-coated slides and ex- 
amined by the Papanicolaou technique. One 
cell with a large pale-staining nucleus, with- 
out chromatin, was found which was con- 
sidered compatible with but not diagnostic of 
cytomegalic inclusion disease. The eye re- 
mained white before and after the para- 
centesis. 

A second paracentesis was performed Oct. 
19, 1956. Aqueous, 0.15 ml., was aspirated 
into a syringe moistened with Earle’s basic 
salt solution and immediately deep-frozen 
for later tissue culture. Again there was no 
unusual reaction to the procedure. 
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A third paracentesis, with withdrawal of 
0.15 ml. of aqueous, was done Oct. 26, 
1956. The specimen was centrifuged, and 
the sediment was examined for inclusion- 
bearing cells. None were found. The super- 
nate was shipped without refrigeration to 
Dr. G. Richard O’Connor, National Insti- 
tutes of Health, Bethesda, Md. No anti- 
Toxoplasma antibodies were found by the 
agar-diffusion technique,** and virus 
growth was obtained in tissue culture by 
Dr. Wallace Rowe, of the National Insti- 
tutes of Health.** 

A conjunctival smear for inclusion-bear- 
ing cells was suggestive but not diagnostic 


4 


when examined by the Papanicolaou tech- 
nique. 

Laboratory Investigation—The MAF 
line of embryonic fibroblasts * was grown 
in roller tubes, with use of 1 ml. of Eagle’s 
basic medium ** with 10% horse serum in- 
activated by heating to 56 C for 30 minutes. 
Antibiotics were added to a concentration 
of 0.1 mg. of penicillin, 0.05 mg. of strep- 
tomycin, and 50 units of nystatin (My- 
costatin) per milliliter. Phenol red was used 
as a pH indicator. 


* Obtained from Microbiological Associates, Inec., 
Bethesda, Md. 


Fig. 8. — Fibroblasts 
stained with Giemsa, in 
situ in roller tube, low 
power. Scattered cells 
with enlargement of cyto- 
plasm and early nuclear 
inclusions. 
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Fig. 9. — Low-power 
photomicrograph of un- 
stained tissue culture in 
in test tube. Fifth 
passage of inclusion- 
producing agent, inoculum 
0.2 mi. of supernatant 
fluid centrifuged free of 
cells. Photographed 30 
days after inoculation, 
showing elongated area of 
enlarged cells with pig- 
ment-granule deposition in 
center. 


situ 


Tissue-culture fluids were changed as ne- 
cessitated by pH changes, usually every two 
to five days. For gross examinations, the 
roller tubes were examined unstained or the 
cells were stained in the tube with Giemsa 
stain. For histologic preparations, either the 
Cheatham technique or preparations 
grown on coverslips in Leighton tubes were 
used. The fixative used was half ether and 
half 95% alcohol; stains were tetrachrome 
or hematoxylin and eosin with citric acid. 

The aqueous specimen removed Oct. 19, 
1956, and stored in the deepfreeze at —20 
C was thawed March 9, 1957, and diluted 
1:2 with Earle’s basic salt solution, Four 
roller tubes of embryonic fibroblasts were 
inoculated with approximately 0.1 ml. 
aqueous dilution cach. Fourteen days later 
granular areas were seen in two of the four 
tubes. Cells were removed by scraping with 
a platinum wire loop and inoculating a cell 
suspension and was inoculated into fresh 
roller tubes on March 26, 1957. After eight 
days, diffuse scattered enlargement and 
granularity of cells were seen (Fig. 8) and 
inclusion bodies were found in these cells. 
Supernatant fluid from medium changes 
was preserved in deepfreeze, as was one 
tube, when most cells were necrotic. At 
this point fresh cells for subculture became 
unavailable, and it was several months be- 
fore a. workable line of embryonic fibro- 
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obtained from the 


blasts 


was previous 


source. 

It was then attempted to regrow inclusion- 
producing agents in a fresh line of the same 
cells. Supernatant fluid from medium 
changes and Seitz filtrates produced no 
growth. One tube which had been pre- 
served with necrotic cells in situ. gave 
positive results. Cytopathogenic changes oc- 
curred in two tubes inoculated with 0.2 ml. 
of cell suspension after 51 days, and a cell 
suspension was repassaged to fresh tubes 
eight days later. From this fourth subcul- 
ture a strain of virus was obtained which 
produced cytopathogenic changes regularly 
in six to seven days when an 0.1 ml. inocu- 
lum of cell-free suspension (supernate cen- 
trifuged five minutes at 2,000 rpm) was 
passaged to roller tubes bearing 0.9 ml. of 
Eagle’s medium (Fig. 9). Uninoculated con- 
trol tubes were maintained at all times, 
except during a short period after the first 
subculture had been passed. Six passages 
have now been done. No similar cytopatho- 
genic changes were seen in controls. 

Evidence of antibody in the patient’s 
serum to the cytopathogenic agent was ob- 
tained by neutralization tests, with use of 
a virus inoculum of 0.1 ml. of fresh cell- 
free suspension per total volume of 1.0 ml. 
in roller tubes. Serum specimens drawn 
September, 1956, and October, 1957, were 
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% & Ow 
‘ {\ 0.2 ml. of fresh urine, 
A] ee 18 hours after inoculation. 


diluted logarithmically with culture medium, 
mixed in 0.1 ml. amounts with 0.1 ml. virus 
inoculum, and incubated at 37 C for one 
hour. Control tubes without serum showed 
earliest cytopathogenic changes in six to 
seven days. Serum dilutions were run in 
duplicate, and evidence of inhibition was 
considered to be failure to develop cyto- 
pathogenic changes in 30 days in both tubes. 
By this criterion, the serum of September, 
1956, showed virus neutralization in 1:10 
dilution and the serum of October, 1957, in 
1:100 dilution. Since this was only one dilu- 
tion different and the serum specimen of 
September, 1956, was slightly hemolyzed, it 
is not felt that this represents a rise in titer. 

It was notable that the patient’s urine con- 
tained very high quantities of the virus. 
Rapid cytopathogenic changes including the 
majority of cells in the tissue culture oc- 
curred in dilutions of 10~>* to 10~4 when 
urine was inoculated after 4, 5, and 16 
months of disease (l*igs. 10 and 11). Intra- 
nuclear inclusions were not developed in 
many cases, since the cells died too rapidly, 
although cytoplasmic changes were seen. 
However, by 18 to 20 months of age, uri- 
nary sediment had decreased, inclusion- 
bearing cells were not found in the urine, 
and inoculation of urine in 0.1 ml. amounts 
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produced no virus growth or a_ sporadic 
positive plaque. 

The observed microscopic effects without 
staining were as follows: with a virus inocu- 
lum of low titer, a few scattered areas 
would appear in 15 to 60 days, round to 
oval in shape, with the cells appearing round 
or oval, granular, translucent, and moder- 
ately enlarged (Vig. 12). Some of the cells 
appeared to drop out, and necrosis was evi- 
dent in the center of the plaque. In some 
foci dark-brown granular pigmented areas 
appeared, 

In preparations of higher potency the 
first lesions were of rather diffuse changes, 
with single cells becoming involved in 7 to 
10 days. After this, generalized necrosis of 
the cells tended to appear rapidly. 

If the highest titer inoculations of urine 
(0.2 to 0.3 ml, in 1.0 ml. of medium) were 
used, generalized rounding up of cells with 
a translucent appearance developed in one 
day (Fig. 10) and most cells were dead by 
three days (Vig. 13). Granularity of in- 
dividual cells was minimal, and no pigmenta- 
tion appeared. It is possible that this 
appearance may be a toxic, rather than viral, 
effect, since cytoplasmic changes appeared 
but definite intranuclear inclusions could not 
definitely be said to occur (Fig. 14). 
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Fig. 12. — Low-power 
photomicrograph of un- 
stained tissue culture in 
situ in test tube, sixth 
passage of virus, Two 
areas of typical round- 
to-oval shape showing 
spread of involved cells 
centrifugally early 
pigment deposition in the 
larger. 


Typical viral effect in plaques showed the 
following histologic appearance, comparable 


to previous descriptions.2*** The affected 
areas were round to elongated (Fig. 15), 
and satellite plaques appeared after a time 
(Fig. 16). Centrifugal spread occurred, 
_with necrosis of the inner cells in the area. 
The cells were readily identified when well 
involved by the altered size and dense cyto- 
plasmic and dense nuclear stain, 

Individual nuclear changes in the earliest 
affected cells at the periphery of a lesion 
were the appearance of one to several small 
nuclear granules (Fig. 17), which later 
clumped with or without the nucleoli, while 
the chromatin network became destroyed, 
to form one or more nuclear inclusions 
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Fig. 13. — Low-power 
photomicrograph of un- 
stained tissue culture in 
situ in test tube. Inoculum 
0.2 ml. of fresh urine 
three days after inocula- 
tion. Generalized round- 
ing up and transparent 
appearance of cells. 


which might stain eosinophilic or basophilic. 
When fully developed, the intranuclear in- 
clusion appeared granular with a darker 
center and lighter periphery, surrounded by 
a clear halo and nuclear membrane with 
clumped chromatin (Fig. 18). At times the 
center of the inclusion appeared to be one 
or more separate bodies (Fig. 19). 

The cytoplasm might show either small 
granular inclusions of varying size arranged 
in a cap toward one end of the cell (Fig. 
19) or a juxtanuclear eosinophilic area with 
fine granulation (Fig. 14) or both (Fig. 20). 

The effect of storage on the virus was 
notable. None of the cell-free supernates 
stored at refrigerator or deepfreeze temper- 
ature for five months contained viable virus. 
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Figure 6 Figure 7 


Fig. 3.—Right eye at age 112 days. Areas of acute and healing choroiditis, perivascular 
and macular exudates. (Reprinted by permission from the New England Journal of 
Medicine 257 :805 Oct. 24, 1957.) 


Fig. 4.—Right eye at age 150 days. Progression of uveitis with cloudy media, entire 
periphery diseased with areas at 11, 1, and 5 o’clock most markedly involved. 
Inset: One healed area of chorioretinitis in nasal periphery, left eye. 


Fig. 5.—Left eye at age 194 days. Vitreous clear. Four small granular non-destructive 
areas of chorioretinitis in periphery. Optic dise white and sharply demarcated. 


Fig. 6.—Right eye at age 272 days. Moderate vitreous haze, especially temporally. 
Bands protrude into vitreous from superonasal shrinking lesion. Inferonasal lesion 
becoming smaller, with coarse pigmentary mottling. Optic nerve atrophy marked. 


Fig. 7.—Right eye at age 1% years. Vitreous clear. Entire retinal background appears 


moth-eaten and atrophic. Previous areas of chorioretinitis shrunken, discrete, and 
pigmented. 
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CYTOMEGALIC'FNCLUSION DISEASE UVEITIS 


Urine specimens originally diffusely positive 
in five days in a dilution of 10~* to 10~* 
after one year of deepfreeze storage showed 
a few slowly developing cytopathogenic 
changes of a focal, rather than diffuse, na- 
ture in 10~! dilution after 10 days. 

The fact that a virus was isolated from 
the second paracentesis and not from the 
first or third warrants examination. There 
is a possibility that secondary aqueous was 
obtained, but no exacerbation of inflamma- 
tion was ever noted after the paracenteses, 
and one month elapsed between the first and 
second. The third paracentesis specimen 
was centrifuged to remove cells before being 
sent without refrigeration for tissue-culture 
study, and no cells were found. Preserva- 
tion of the second specimen was more care- 
ful and freezing more prompt than in the 
other two specimens. 

No cells were seen at any time in the 
anterior chamber of the infant on slit-lamp 
examination, although flare was present. 
However, examination was always very un- 
satisfactory, and cells may have been pres- 
ent. Another possibility is that the aqueous 
culture tubes were contaminated by virus 
from urine culture tubes. Against this fact 
is the lack of development of any inclusions 
in any control tubes, as well as the different 
type of cytopathogenic change produced by 
more potent urine inocula. 


Comment 

It is felt that simultaneous occurrence of 
ocular and systemic disease is suggestive but 
not definitive evidence that the two diseases 
are of the same etiologic origin. The sys- 
temic disease is well proven in this instance 
by the clinical syndrome fortified by the 
x-ray demonstration of periventricular cal- 
cification, the pathologic evidence of in- 
clusion-bearing cells in urine and _ gastric 
contents, and the culture of virus from 
urine in human tissue culture. To prove the 
etiology of this ocular disease, additional 
data other than temporal coexistence were 
obtained by isolation of the virus from 
aqueous humor after failure to demonstrate 
inclusion-bearing cells in the aqueous. 

If this disease is as widespread as evi- 
dence may indicate,1®** it may possibly be a 
commoner cause of uveitis than previously 
suspected, since proven cases may show lit- 
tle histologic proof of inclusion bodies at 
autopsy ** after the disease has apparently 
run its course. It is noteworthy that the 
two eyes in which histologic proof of in- 
clusion bodies were found *°.*® were obtained 
at death during the acute illness. Conceiva- 
bly eyes enucleated after a period of chronic 
inflammation might have lost the inclusions 
present in an acute stage. 

Therefore, it is suggested that in cases of 
acute uveitis in children a pathologic ex- 


Fig. 11.—Coverslip preparation of tissue culture. Inoculum 0.2 ml. of fresh urine, 18 hours 


after inoculation. 


majority of the cells. Tetrachrome; x 50. 


Generalized shrinkage and alteration of nuclear and cytoplasmic staining in 


Fig. 14—Coverslip preparation ie tissue culture. Inoculum 0.2 ml. of fresh urine, 60 hours 


after inoculation. 


material. Tetrachrome; X 215 


Fig. 15.—Coverslip preparation of tissue culture. 


Areas of ones -staining granular cytoplasm and clumping of nuclear 


Sixth tissue-culture passage of virus 


isolated from aqueous, 20 days after inoculation with 0.05 ml. of supernatant cell-free fluid. 


Discrete focus of cells with surrounding normal fibroblasts. 


Hematoxylin and eosin; 


50. 


Fig. 16—One end of same focus illustrated in Figure 9, showing central necrosis and 


pigment in larger area, and two daughter plaques. 


Hematoxy lin and eosin. 


Fig. 17—Coverslip preparation of tissue culture. Fifth tissue-culture passage. Upper cells 
normal, well-developed eosinophilic and basophilic nuclear inclusions in center and lower cells 


beginning to show early changes. 
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Hematoxylin and eosin; 
Fig. 18—Oil immersion. Fifth tissue-culture passage. : 
dark inner core and lighter border, with chromatin clumping along nuclear membrane 

philic and amphophilic cytoplasmic granulation, Hematoxylin and eosin. 

Fig. 19.—Cheatham preparation, oil immersion. Fifth tissue-culture passage. 
enlarged, with dense intranuclear inclusion showing smaller central bodies. 
inclusion and nuclear membrane. Cytoplasmic granules of varying size. 

Fig. 20—Cheatham preparation, oil immersion. Fifth tissue-culture passage. 
paranuclear area in cytoplasm with separate granules in cytoplasmic periphery. 


110. 
Granular nuclear inclusion with 
Baso- 


Central cell 
Thin halo between 
Tetrachrome. 


Eosinophilic 
Tetrachrome. 
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amination of the urinary sediment for in- 
clusion-bearing cells be performed. At the 
present stage of our knowledge it would not 
be of help to demonstrate complement-fix- 
ing or virus neutralization antibodies in 
serum if a large proportion of the popula- 
tion shows similar findings.** A skull x-ray 
showing periventricular calcification would 
be strongly suggestive. 

It has been attempted to determine ocular 
factors that would be of clinical value in 
aiding differential diagnosis. Rubella chorio- 
retinitis would be suggested by the maternal 
history and the presence of cardiac lesions, 
cataracts, and hearing defects. Toxoplasmo- 
sis would present the greatest difficulty, as 
a syndrome of chorioretinitis with cerebral 
calcification, hepatosplenomegaly, and ane- 
mia was previously considered typical of 
toxoplasmosis. However, presumptive and 
definitive diagnosis is now possible in both 
toxoplasmosis and cytomegalic inclusion dis- 
ease, although both diseases may coexist.** 
rom an ocular standpoint, if the typical 
chorioretinitis of toxoplasmosis is a single 
or few macular or posterior polar lesions, 
with involvement of retina, choroid, and 
sclera, healing to leave punched-out areas 
of bared white sclera with surrounding pig- 
ment, then it may be contrasted with the 
pathologic picture seen in this case where 
the lesions were multiple and peripheral 
and showed less tissue destruction. In the 
case of Christensen et al.2° the peripheral 
location and relatively mild involvement 
would tend to confirm this supposition. Only 
future proven cases will provide a definite 
answer. 


Summary 

A case of proven generalized cytomegalic 
inclusion disease is described. Chronology 
of ocular disease through chorioretinitis and 
optic atrophy is detailed. 

An agent was isolated from the anterior 
chamber which produced inclusions in tissue 
culture similar to those previously isolated 
from the urine. It is felt that this evidence 
tends to establish the viral etiology of the 
ocular disease. 
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It is suggested that cytomegalic inclusion 
disease be considered as a cause of uveitis 
in children. Examination of urine for in- 
clusions and skull x-rays are advocated for 
aid in differential diagnosis. 

Cytomegalic inclusion disease should be 
considered with toxoplasmosis in the differ- 
ential diagnosis of uveitis associated with 
cerebral calcification. 

Dr. Rustin McIntosh, Professor of Pediatrics, 
Columbia University College of Physicians and 
Surgeons, gave permission to examine the patient. 
Tissue culture studies were performed in the lab- 
oratory of Dr. Calderon Howe, Department of 
Microbiology, Columbia University 
Physicians and Surgeons. 

635 W. 165th St. (32). 
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The Nonelastic Nature of Pingueculas 


DAVID G. COGAN, M.D.; TOICHIRO KUWABARA, M.D., and JED HOWARD, M.D., Boston 


A pinguecula is a yellowish-white fluores- 
cent mass situated over the sclera on one or 
both sides of the cornea. Its pathogenesis is 
far from clear, but it appears to be deter- 
mined genetically and to assume tumorous 
proportions only in middle life or later. 

Histologically pingueculas vary from 
masses of amorphous hyaline substance to 
masses of coiled and fragmented tissue that 
simulate pathologic elastic tissue elsewhere 
(e.g., pseudoxanthoma elasticum '), but they 
are unlike any tissue occurring normally 
about the eye. This amorphous and frag- 
mented tissue stains regularly with orcein 
and resorcinol fuchsin dyes or by Verhoeff’s 
method, whence it is called (degenerated) 
elastic tissue. It does not stain with Sudan 
and is variably colored by basic and acidic 
stains. 

In 1949 Balo and Banga? described a 
nonproteolytic enzyme derived from pan- 
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creas which had the specific property of 
solubilizing elastic fibers. This enzyme, 
which is active on fresh or formalized tis- 
sue, was called by them elastase. It has 
come to be accepted as the most crucial 
test for true elastic tissue and has been 
employed particularly for differentiating fi- 
bers of connective tissue origin from those 
of elastic tissue origin. Elastase has no 
effect on components other than that of true 
elastic tissue or keratohyaline granules.’ It 
is frequently used in demonstrating the 
specific dissolution of elastic tissue in the 
aorta and ligamentum nuchae.* It has also 
been used to show the true elastic nature of 
pseudoxanthoma elasticum, senile elastosis, 
and colloid millium.'** To our knowledge, 
it has not previously been applied to pin- 
gueculas. 

We applied the standard technique for 
enzymatic elastolysis to five typical cases of 
pinguecula. This was performed on fresh 
tissue and on tissue fixed in formalin. The 
procedure consisted of incubating the tissue 
in a solution of elastase * (10 mg/100 ml.) 


* Obtained from Worthington Biochemical Cor- 


poration. 


Fig. 1.—Pinguecula 
incubated for 24 hours in 
elastase and stained by 
Verhoeff’s method. No 
elastolysis occurred with 
incubation. 


« 
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Fig. 2.—Strips of aorta stained by Verhoeff’s method: 4, without incubation; B, after 3 
hours’ incubation with elastase ; C, after 6 hours incubation with elastase, and D, after 24 hours’ 


incubation with elastase. In contrast to pinguecular, the elastic aorta tissue shows a progressive 
elastolysis. 


at 37 C in carbonate buffer (pH 8.8) for 
varying lengths of time, embedding the tis- 
sue in gelatin or paraffin, sectioning at 
approximately 10y, and staining with 
Weigert’s or Verhoeff’s elastic tissue stain. 
The sections were compared with those of 
aorta tissue incubated for the same length 
of time under identical conditions. 

The results may be summarized by stating 
that no effect was induced in the pingueculas 
even after incubation for as long as 24 hours 
(Fig. 1), whereas the elastic fibers of aorta 
tissue began to disappear in 3 hours and 
were completely abolished in 24 hours ( Fig. 
2, A-D). 

Whether or not this disproves the elastic 
nature of pingueculas depends on one’s 
criteria for definition of elastic tissue. If 
the current consensus is correct, that elastase 
is the one specific test for true elastic tissue 
(as shown for normal elastic tissue and cer- 
tain elastic dystrophies of the skin), then 
pingueculas would have to be excluded from 


Cogan et al. 


this category. Pingueculas are, according to 
this criterion, a pseudoelastic tissue. 
243 Charles St. (14). 
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Evaluation of Heparin Therapy of Senile Macular 


Degeneration 


WILLIAM H. HAVENER, M.D.; JOHN SHEETS, M.D., and MARTIN J. COOK, M.D., Columbus, Ohio 


Heparin therapy has been recommended 
for senile macular degeneration, in the be- 
lief that this treatment may improve the 
nutrition of the degenerating region. A 
recent report! states that more than half of 
a series of 23 patients treated with 100 mg. 
of heparin I. V. twice weekly showed eye 
improvement. This improvement consisted 
of such definite findings as increased visual 
acuity, disappearance of retinal hemor- 
rhages, and shrinking of exudates. There 
were no control patients. 

Our evaluation of heparin therapy was 
carried out on two separate groups of pa- 
tients with macular degeneration. 
The larger group, consisting of 25 patients, 
were inmates of an old-folks’ home. To be 
included in this group, the patient was re- 
quired to have ophthalmoscopically visible 
senile macular degeneration. This excluded 
any patients with dense opacities of the 
clear ocular media. Details of each case are 
appended at the close of this paper. At the 
beginning and the end of treatment the 
study of each patient included corrected 


senile 


visual acuity, central fields, ophthalmo- 
scopic examination, and fundus photog- 
raphy. After initial examination — the 


patients were grouped into pairs whose 
macular changes were as nearly alike as 
possible in respect to appearance and extent. 
These pairs were then divided into heparin 
and control assignments. Heparin patients 
received 100 mg. of heparin intravenously 
twice weekly. Control patients received an 
identical-appearing twice 
weekly. Patients were not aware of the 
existence of this placebo control. 
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An entirely different group, of nine pa- 
tients, originated from the private practice 
of several ophthalmologists. These patients 
also were required to have ophthalmoscopi- 
cally visible senile macular degeneration. 
They were assigned to heparin or control 
groups by simple alternation determined by 
the time of entering the study. Medication 
was the same as in the group of 25 patients. 
These patients were studied a great deal 
more intensively. 

Visual fields and ophthalmoscopic findings 
were recorded weekly during the first 
months of therapy, then monthly. Fundus 
photographs were taken approximately 
monthly or at any time when visible changes 
had occurred. Note should be taken of the 
psychologic effect of a great deal of atten- 
tion from residents, staff men, and medical 
students and of the pleasant social aspects 
of meeting twice weekly with a group of 
rather nice people suffering from the same 
disease and shepherded by a very under- 
standing secretary. 

Table 1 records the visual changes occur- 
ring in the larger series. As can be deter- 
mined from study of the appended case 
histories, most of these changes were not 
of greater magnitude than one or two lines 
of the chart. It is immediately evident that 
heparin therapy was associated with im- 
provement in seven eyes and “prevented 
from becoming worse” in 14 eyes. The sig- 
TABLE 1.—Comparison of Initial and Final Visual 

Acuity of Each Eye (Group 1 


Same Better Worse 
7 5 


EVALUATION OF HEPARIN IN MACULAR DEGENERATION 


TABLE 2.—Comparison of Initial and Final Acuity 
of Each Eye (Group 2) 


Same Better Worse 
6 2 2 
6 1 1 


nificance of this therapeutic accomplishment 
fades when almost exactly the same results 
are found in the control group. The ma- 
jority of these patients recognized no ap- 
preciable improvement and derived no 
psychologic benefit from the injections. 

Table 2 records the visual changes in the 
second group of patients. Again it must 
be emphasized that these changes were not 
great. This series is too small to permit 
conclusions; however, heparin and placebo 
results were practically identical. The psy- 
chological impact of all this medical atten- 
tion and of the new friendships was 
remarkable. Excellent morale and optimism 
pervaded the group far out of proportion 
to their visual improvement. As recorded 
in the case histories, specific examples of 
improvement were cited by many of these 
patients. Attention is directed to Case 1 
(heparin), who was certain she had im- 
proved, even though we documented the 
growth of central scotomata and definite 
lowering of visual acuity! All but one of 
these patients were very reluctant to dis- 
continue the study, which had been pre- 
sented to them as an experimental evaluation 
of a new treatment reported as helpful in 
some cases. 


Comment 


The following general observations are 
derived from the careful and prolonged 
study of these 34 cases. 

1. Senile macular degeneration is a bilat- 
eral disease. Rather often there is marked 
asymmetry of severity, however, and pa- 
tients were encountered who had _ suffered 
visual loss in the worse eye many years 
before beginning symptoms were noted in 
the better eye. Although enormous varia- 
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tions exist in the appearances of senile mac- 
ular degeneration, there is almost always a 
close similarity in the degenerative compo- 
nents of the two maculae (e. g., pigment, 
drusen, choroidal atrophy). Unquestion- 
ably, examination of both eyes is necessary 
in the study and differential diagnosis of 
macular disorders, 

2. Degenerative changes in these eyes 
were usually not confined to the macula. 
As compared to aged patients seen primarily 
for refractive complaints, these patients 
with macular degeneration suffered consid- 
erably more marked general deterioration 
of the eyes. Circumpapillary chorioretinal 
atrophy, peripheral pigmentary retinal de- 
generation, extensive deposits of macular 
and peripheral drusen, posterior vitreous 
detachment, and severe arteriosclerotic 
changes were commonly seen. Advanced 
cataracts in both eyes were not present in 
this group because our selection eliminated 
patients whose fundi were not visible. Sev- 
eral patients were aphakic or had unilateral 
cataracts, and a considerable number of 
cases of macular degeneration with asso- 
ciated cataracts had been rejected from the 
group because it was impossible to photo- 
graph their fundi. It is our impression 
that extensive macular drusen strongly pre- 
dispose to development of senile macular 
degeneration. 

3. Spontaneous variation in severity of 
the degenerative lesion is not uncommon. 
Even under constant conditions of measure- 
ment there may be wide difference of visual 
acuity not obviously related to ophthalmo- 
scopically detectable change. When one ex- 
amines the records and finds that from 
month to month visual acuity may improve 
and then decrease as much as two lines 
above or below the initial acuity, it is very 
apparent that our Tables, constructed from 
initial and final acuity varying as little as 
one line, are not based on changes great 
enough really to permit classification as 
“better” or “worse.” 

As followed by ophthalmoscopy and _ret- 
inal photography, some types of degenera- 
tion showed no visible changes over a period 
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of months. This was true of the cases 
characterized primarily by choroidal atro- 
phy, pigmentation, or drusen formation. In 
contrast, the disciform types of degenera- 
tion (characterized by hemorrhages, soft 
exudates, neovascularization, and _ retinal 
elevations) showed readily observable 
changes from month to month. Hemor- 
rhages disappear the most rapidly, though 
new hemorrhages appear elsewhere. In- 
stances of dramatic improvement in acuity 
undoubtedly occur when a foveal hemor- 
rhage absorbs. Should such a_ hemor- 
rhage bring the patient to his physician, 
any therapy (or none) will result in dra- 
matic recovery from “an invariably progres- 
sive degenerative disease.” 

Exudative changes also absorb, though 
more slowly than hemorrhages. Some de- 
gree of scarring and distortion of the retina 
persists at the site of absorbed lesions. 
Serous detachments of the central retina 
may occur in exceptionally severe cases of 
macular degeneration. Presence of such a 
detachment cannot, therefore, be construed 
as indicating by itself that a central lesion 
is neoplastic. 

Neovascularization and microaneurysms 
may develop in the disciform types of de- 
generation. Probably some _ relationship 
exists between this vascular growth and the 
hemorrhages which are so common in disci- 
form degeneration. Development and spon- 
taneous absorption of such hemorrhages 
are partly responsible for the pronounced 
variations in acuity so characteristic of 
disciform degeneration. 

4. Heparin therapy in the amount of 100 
mg. intravenously twice weekly did not alter 
the natural course of senile macular degen- 
eration. Because of the spontaneous varia- 
bility of this disease and the psychologic 
effect of any therapy, no study of a method 
of treatment can be valid without a placebo 
control group. 

Minor bleeding was not infrequent at the 
site of heparin injection. This was mini- 
mized by aspiration of blood before with- 
drawal to avoid leaving a track of heparin 
in the tissues, by use of sharp No. 24 
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needles, and by prolonged local pressure 
after injection. Only two patients had sys- 
temic bleeding. The worst case developed 
a fairly large preretinal hemorrhage and 
repeated hemorrhages into the subdeltoid 
bursa. These hemorrhages cleared despite 
continued heparin therapy. Coagulation 
studies preceding injections were invariably 
normal. 

5. The psychologic effect of enthusiastic 
and attentive treatment should never be 
underestimated. Simply the act of paying 
attention to an elderly deteriorating person 
is beneficial to him. Meeting new friends 
with common problems, escaping the “shut- 
in” home routines, sharing in a research 
project with enthusiastic physicians, the 
age-old expectation of benefit from medica- 
tion, the remarkable adaptability of the 
human being to his handicaps with time, 
and probably many other factors contributed 
to make Group 2 happy. Almost all of this 
group were reluctant to stop treatment 
(several continued at their own expense 
with their private physicians) and were 
unjustifiably optimistic about the “improve- 
ment” of their eyes. 

By contrast, the morale of Group 1 was 
never good. Isolated from the world, infirm 
and surrounded by the infirm, receiving 
minimal individual attention, and being a 
“captive” group rather than voluntarily 
having sought medical care, these patients 
tended to be easily discouraged, attributed 
all types of undesirable symptoms to the 
injections, and dropped out of treatment 
prematurely. 

We do not endorse giving, placebo-wise, 
ineffectual medications to the patients with 
senile macular degeneration. Most patients 
deserve a frank discussion of the problem 
with emphasis placed on the good quality 
of the peripheral vision, which will always 
be retained. Reference to future deteriora- 
tion should be minimized as far as possible. 
Positive therapeutic suggestions should be 
directed toward the maintenance of general 
health, e. g., avoidance of overweight, ex- 
ercise, and balanced diet, not because these 
suggestions help the eye but because they 
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give the patient something to do for himself. 
Prescription of a new pair of glasses which 
do not significantly improve vision will 
often produce a most unhappy patient, and 
the unwary refractionist is hereby cautioned 
against putting more minus sphere on the 
patient with advanced macular degeneration 
and early nuclear sclerosis. 


Summary 


Thirty-four patients with senile macular 
degeneration were treated with biweekly 
injections of heparin and of a placebo. 

The naturally variable course of senile 
macular degeneration was not altered by 
heparin. 


General observations are made regarding 
the characteristics of senile macular degen- 
eration. 


Group 1—Placebo Section 


Case 1.—An 83-year-old white woman 
noticed marked decrease in vision O. D. in 
the past six to eight years and less diffi- 
culty with O. S. over the past four years. 
Visual acuity at the beginning of the test 
period was recorded as light perception 
O. D. and 20/70 O. S. She was found to 
have a dense cataract O. D.; O. S. was 
aphakic, having undergone cataract extrac- 
tion some six years before. The fundus 
O. D. was not visible, and O. S. there was 
a faint horizontal linear hemorrhage in the 
macula with pigmentary degeneration. On 
field examination there was a very small 
central scotoma in the left eye. After 10 
weeks of placebo therapy the vision was 
recorded as light perception O. D. and 
20/60 O. S. After 17 weeks of placebo 
therapy the vision was light perception 
O. D. and 20/70 O. S. Fundi remained 
the same, and field examinations revealed no 
scotomata. Subjectively, this patient was cer- 
tain that her vision was considerably better 
and would liked to the 
“therapy.” 

Case 2.—An 83-year-old white woman 
noted marked decrease in vision O. U. 
during the past eight years but especially 
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in the past three years. Visual acuity re- 
corded at the beginning of test period was 
hand movements O. D. and 10/200 O. S. 
Fundus examination prior to the test period 
revealed early disciform degeneration with 
a gray fluffy slightly elevated area in the 
right macula. There were moderately ad- 
vanced arteriosclerotic changes. The left 
macula showed an unusual discretely out- 
lined white infiltrate. Visual-field examina- 
tion revealed a 5 degree scotoma O. D. and 
a 2% degree scotoma ©. S. to a 3/1,000 
white object. After 12 weeks of placebo the 
vision was light perception O. D. and count- 
ing fingers at 2 ft. O. S. At the end of the 
test period, 17 weeks, the right fundus was 
the same as previously, with several small 
aneurysms noted on the inferior edge of 
the macula. The ©. S. had a less discrete 
appearance in the macula, with golden glis- 
tening reflections. [Field examination at the 
end of the test period showed only a tiny 
field of vision at the extreme right periphery 
©. D. and multiple small central scotomata 
QO. S. Vision at this time was hand move- 
ments ©. D. and counting fingers at 4 ft. 
O. S. Subjectively, the patient felt that on 
some days her vision was somewhat im- 
proved. However, generally there was not 
much change. 

Case 3.—An &l-year-old white woman 
had gradually decreasing vision O. U., espe- 
cially during the past year. At the beginning 
of the test period, visual acuity was recorded 
as 20/100 O. D. and 20/60 O. S. fundus 
of the right eye revealed a small macular 
hemorrhage and vitreous opacities extending 
forward from the disc. The left) macula 
showed considerable granularity. No scoto- 
mata were found. However, both fields 
were markedly constricted. After 12 weeks 
of placebo therapy vision O. D. was 20/100, 
O. S. 20/60+. After 17 weeks the vision 
was 20/200 O. D., 20/60 O. S. The fundi 
revealed faint granular irregularity in both 
maculae. There was noted on this examina- 
tion an occlusion of the upper temporal vein 
QO. D., which appeared as a white cord, and 
there were extensive aneurysms temporal to 
the right macula. Visual field remained the 
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same. Subjectively, this patient noted no 
change in her visual status. 

Cask 4.—An 83-year-old white man had 
noticed poor vision O. U., but especially 
©. D., during the past three-to-four years. 
Visual acuity at the beginning of the test 
period was recorded as hand movement 
QO. D., 20/100 O. S. Fundus examination 
revealed bilateral cireumpapillary chorio- 
retinal atrophy. An old hemorrhage was 
seen in the right macula with a few fine 
shiny deposits. The left macula was quite in- 
distinct. Visual fields revealed no scotomata 
in the right eye, but the left eye had a 15 
degree central scotoma to 3/1,000 white 
object. At the end of the test period, vision 
was still hand movements ©. D., and 20/100 
O.S. The right macula showed no evidence 
of the previously seen hemorrhage, and 
there was indistinct irregularity in both 
maculae, with slight pigment irregularity. 
©. D., but O. S. revealed only a 24% degree 
central scotoma to a 2/1,000 white object. 
Subjectively, the patient felt that there was 
absolutely no change in his visual acuity. 

Case 5.—-An 80-year-old white woman 
considerable vision ©. U. 


noted loss of 


during the past two years. Vision was 
20/300 O. D., 15/300 O. S. Dense bru- 
nescent nuclear cataracts were visible O. U. 
The fundi showed irregular drusen in both 
maculae, with slight pigment irregularity. 


No scotomata were plotted. After 12 weeks 
of placebo therapy vision was recorded as 
20/60 O. D., 20/80 O. S. After 17 weeks 


the vision was 15/100 ©. D., 20/100 O. S. 
Again, no scotomata was found. Subjec- 
tively, the patient felt certain that her vision 
was considerably better than it had been 
prior to the “therapy” period. N. B., this 
patient was unable to cooperate well for 
visual-field examination, hence the fields 
are not valid. 

Case 6,-An 87-year-old white man had 
markedly decreased vision O, U. during the 
past five years, especially the last three. 
Acuity was recorded as light perception only 
©. U. Fundus O. D. showed an indistinct 
gyrate choroidal atrophy with superimposed 
extensive scarring of old disciform degen- 
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eration. The O. S. had similar atrophy but 
no disciform degeneration. There were 
small central hemorrhages in both maculae. 
Visual fields showed only very slight periph- 
eral perception O. D. The O. S. had a small 
area of temporal vision with no central fix- 
ation. After 12 weeks of placebo vision was 
recorded as counting fingers at 2 ft. O. D. 
and 5/200 ©. S. After 17 weeks it was 
found to be 3/200 O. D., 3/200 O. S. 
Fundi at the end of this period remained 
essentially the same. There was noted some 
neovascularization in the right macula; 
there were a few pigment dots in the macu- 
lar area, with slight elevation, and the edges 
had a scalloped shape. After this period 
of placebo administration, the patient felt 
that his vision was considerably worse. 

Case 7.-A 79-year-old white man noted 
rather marked decrease in vision O. S. dur- 
ing the past year. Visual acuity at the start 
of the study was 20/25 O. D., 20/200 O. S. 
There was irregular pigment distribution in 
both maculae, a somewhat larger area in 
the left than the right. There was bilateral 
circumpapillary chorioretinal atrophy. No 
scotomata were found even to a 2/1,000 
white test object. After 12 weeks of placebo 
injection, the visual acuity O. D. was re- 
corded as 20/25—2, O. S. 20/100. At the 
end of the test period, 14 weeks, the vision 
was 20/30 O. D., 20/100 O. S. The mac- 
ulae both appeared as before, with the right 
showing an indistinct area with slight pig- 
ment. ©. S. was very distinct but with 
prominent pigment formation. O. D. showed 
no scotoma, but O. S. had a central 2% 
degree scotoma to a 3/1,000 white test 
object. N. B., this patient had placebo 
therapy for only a total of 14 weeks. The 
patient felt that at the end of the period 
he had not improved and was_ probably 
worse. He had refused to continue the in- 
jection after 14 weeks, owing to his feeling 
of lack of improvement. 

Case 8.—This was an 87-year-old white 
woman who had noted slight decrease in 
visual acuity O. U. during the past year. 
Visual acuity was recorded as 20/40 O. U. 
at the beginning of the test period. The 
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fundi revealed many large drusen about 
both maculae, with slight pigmentary de- 
posits within the maculae and rather ad- 
vanced choroidal sclerosis, leaving very 
indistinct foveas. No scotomata were found 
on field examination. After 17 weeks of 
placebo, the vision was recorded as 20/70 
O. D., 20/50 O. S. There was a 1 cm. 
central scotoma found O. D. to a 3/1,000 
white test object. No scotoma was found 
O. S. Maculae remained unchanged O. U. 
Subjectively, this patient felt there had been 
no change whatsoever in her visual status. 

Case 9.—An 83-year-old white woman 
noted gradual decrease in vision O. U. but 
more marked O. S. during the past one 
and one-half to two years. Visual acuity at 
the start of the test was 20/100 O. D., 
20/200 O. S. After 12 weeks of therapy 
the vision was recorded as O. D. 20/70, 
O. S., counting fingers at 2 ft. Fundus ex- 
amination revealed minimal atrophy with 
moderate pigment proliferation in both 
maculae, but the left more than the right. 
Central fields revealed a 5 degree central 
scotoma O. D. and none O. S. to a 3/1,000 
white test object. At the end of the test 
period, the scotoma O. D. was about 6 
degrees to 5/1,000 white test object. The 
QO. S. at this time revealed a 10 degree sco- 
toma to a 3/1,000 white test object. This 
patient felt that her vision was considerably 
improved O. U. after receiving therapy. 
Her visual acuity at this time, however, was 
20/100 O. D. and counting fingers at 2 ft. 
O. S. 

Case 10.—An 83-year-old white woman 
had complained of moderate loss of vision 
O. U. during the past three years but more 
marked O. S. during the past year. Visual 
acuity at the beginning of the test was 
20/100 O. D., 20/200 O. S. Fundus ex- 
amination showed a slightly elevated 2 D. D. 
area, with many drusen, some slight pig- 
ment, and a few microaneurysms in each 
macula. There were also central macular 
hemorrhages in the right and two paramacu- 
lar hemorrhages in the left macula. After 
receiving placebo for 17 weeks, the vision 
was recorded as 70/70 O. D., 20/200 O. S. 
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Early nuclear cataracts were noted at this 
time, and both macular regions were very 
indistinct, owing to slightly raised edema- 
tous lesions. There were still several small 
aneurysms O. D. No hemorrhages were 
seen O. S. No scotomata were found in 
either eye before or after the test period. 
Subjectively, the patient felt that there had 
been no change in her vision, 

Case 11.—A 74-year-old white man had 
noted gradual slight decrease in vision O. U. 
during the past year or two. Visual acuity 
was recorded as 20/40— O. U. at the be- 
ginning of the study. The maculae showed 
no foveal reflex, with slight irregularity in 
the pigment, and there were two pinpoint 
shiny deposits in the right macula. No sco- 
tomata were found. After 10 weeks of 
therapy the vision was recorded as 20/50 + 1 
QO. D., 20/60—-1 O. S. After 17 weeks of 
placebo the visual acuity was recorded as 
20/30— ©. U. The fundi remained un- 
changed, and again no scotomata were found 
in either eye. Subjectively, this patient felt 
that there had been no change in his eyes. 

Case 12.—An 88-year-old white woman 
noted considerable loss of vision O. D. 
during the past eight years and less marked 
loss O. S. during the past year. Vision in 
the right eye was light perception and 
20/100 O. S. There was a very dense cata- 
ract O. D. The fundus O. S. revealed 
circumpapillary atrophy with poor macular 
definition. The left eye was aphakic. The 
right macula was not visible. There were no 
scotomata found. After 17 weeks of place- 
bo, vision remained as light perception O. D. 
and 20/200 O. S. Subjectively, there was 
no change. 


Group 1—Heparin Section 


Case 1.—An 86-year-old white man had 
poor vision O. S. for some years and re- 
cently complained of slight decrease in 
vision O. D. Visual acuity was 20/40 O. D., 
hand movements O. S. The left fundus was 
not visible, owing to a dense cataract. The 
right fundus showed absence of the foveal 
light reflex. The fields were normal O. D., 
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but there was a 5 degree central scotoma 
in the left to 5/1,000 white test object. At 
the end of the heparin administration, vision 
remained the same but no scotomata were 
found. Fundus was unchanged. Subjec- 
tively, he felt there had been no improve- 
ment. 

Case 2.—A 76-year-old white woman 
complained of failing vision O. U. for the 
past 10 years, with marked loss in the last 
2 years. Initial vision was recorded as 
18/200 O. D., 4/200 O. S. There was a 
small central scotoma O. U. with 5/1,000 
white test object. The fundus revealed atro- 
phic maculae with scalloped pigmented 
margins. Vision after 10 weeks was 18/200 
O. D., 8/200 O. S. The fundi appeared 
the same as at the beginning of the test. 
There was a definite increase in the size of 
the scotomata O. U. This patient had con- 
siderable hematoma formation after each 
injection of heparin, followed by severe 
pain from the elbow to the shoulder. Con- 
sequently, she only underwent 10 weeks of 
therapy. Subjectively, at the end of the test- 
ing period she felt that her eyes were some- 
what worse than at the start. 

Case 3.—An 87-year-old white man had 
decreasing vision O. U. for the past 10 
years. Visual acuity at the start of the test 
period was 4/200 O. D., 20/100 O. S. 
There was an indefinite scotoma O. D., 
varying from 2% to 10 degrees. There was 
a definite 2% degree central scotoma to 
3/1,000 white object O. S. There were 
atrophic areas with small drusen and mul- 
tiple small pigment clumps in both maculae. 
After five weeks of therapy, vision was 
recorded as 20/100 O. U. At this time, 
the central scotoma O. D. was very definite 
and there was a variable 5 degree scotoma 
O. S. Subjectively, this patient felt that 
during the heparin-testing period his vision 
had become considerably worse. This pa- 
tient only completed five weeks of therapy 
because of severe local hematomas despite 
very careful injection. 

Case 4.—An 88-year-old white woman 
had decreasing vision over the past several 
years O. U. Initial acuity was 15/100 O. D., 
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20/100 O. S. A small central scotoma was 
found O, D.; none, O. S. Fundus examina- 
tion showed poorly defined maculae with 
loss of detail O. U. After 10 weeks of 
therapy vision was 20/60-1 O. D., 
20/40—3 O. S. After 17 weeks of therapy 
the vision was 20/80 O. D., 20/40 O. S. 
At the end of the examination, no scotomata 
were found in either eye. This patient felt 
that she had some slight improvement dur- 
ing the period she was on medication. 

Case 5.—An 82-year-old white man noted 
considerable loss of vision in both eyes over 
the past 15 years, more marked in the left 
eye, especially in the last five years. Visual 
acuity was recorded as 20/70 O. D. and 
light perception O. S. Fundus examination 
revealed poor macular definition, with no 
foveal light reflex O. D. The left fundus 
was not visible, owing to an opaque lens. 
Visual-field examination was unsatisfactory 
in this patient, owing to the patient’s lack 
of understanding of the test. After 10 
weeks of therapy vision was recorded as 
20/100—1 O. D. and light perception O. S. 
After 17 weeks of therapy vision was 
20/70—1 O. D. and light perception O. S. 
Subjectively, this patient noted no change 
in his vision during the period of heparin 
administration. 

Case 6.—An 85-year-old white woman 
complained of gradually decreasing vision 
O. U., more marked O. S., during the past 
several years. Visual acuity O. D. was 
20/40, O. S. 20/200. Fundus examination 
revealed rather marked choroidal sclerosis 
with loss of pigment in both macular areas 
and a few small areas of pigment prolifera- 
tion. No scotomata were found on the field 
examinations. At the end of the period of 
receiving herapin, her vision O. D. was re- 
corded as 20/50; O. S., as 20/100. Fundus 
and visual-field examinations remained ex- 
actly as before. Subjectively, this patient 
felt sure that her vision was markedly 
improved. 

Case 7.—A 79-year-old white man noted 
considerable loss of vision, especially O. D. 
but present O. U., over the past 12 years, 
more marked in the last three years. Acuity 
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at the initial examination was 20/400 O. D., 
20/100 O. S. Fundus examination revealed 
many very large drusen about both maculae. 
Central scotoma could not be demonstrated. 
At the end of the test period the vision was 
20/100 O. D., 20/80—2 O. S. Fundus and 
field examinations remained unchanged. 
Subjectively, this patient noted no change 
in his vision during this time. 

Case 8.—An 84-year-old white man com- 
plained of visual difficulties O. U. during 
the past 10 to 15 years. Visual acuity prior 
to receiving heparin was recorded as 3/200 
O. D. and light perception O. S. The right 
macula revealed a proliferative lesion ele- 
vated about 2 D. There was marked cho- 
roidal sclerosis. The left fundus was not 
visible, owing to a dense cataract. Visual 
field revealed a somewhat variable 5 degree 
central scotoma on the right; the left could 
not be plotted. After both 10 and 17 weeks 
of therapy, visual acuity was O. D. counting 
fingers at 6 in., O. S. light perception. The 
proliferative lesion did not appear quite so 
elevated, and there appeared to be better 
central fixation on the visual-field examina- 
tion, with no central scotoma to 5/1,000 
white object. The patient could not see a 
3/1,000 white object. Subjectively, his 
vision seemed worse. 

Case 9.—A 79-year-old white man noted 
considerable loss of vision O. D. during the 
past year, with slight decrease in acuity 
O. S. during the last several months. At 
the beginning of the test period, his vision 
O. D. was recorded as 20/100; O. S., 
20/30+. Fundus examination revealed 
minimal atrophic degeneration O. D., with 
pigment stippling O. U. There was a 7 mm. 
scotoma centrally O. D. to a 3/1,000 white 
test object. This could not be found with 
a 5/1,000 white test object. O. S. had no 
scotoma. After 10 weeks of therapy the 
visual acuity was recorded as 20/100+2 
O. D., 20/25—2 O. S. After 17 weeks the 
vision was 20/70 O. D., 20/25— O. S. 
Fundus examination at this time was un- 
changed, except pigmentation seemed less 
marked. The same scotoma was found 
O. D.; none, O. S. Subjectively, this pa- 
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tient noted no particular change in vision. 

Case 10.—An 83-year-old white man 
noted the onset of decreasing vision O. U. 
some 12-to-15 years previously, recently 
much more marked O. D. Prior to the ad- 
ministration of twice-weekly heparin, his 
visual acuity was found to be 20/200 O. D., 
20/60 O. S. Fundus examination revealed 
dull irregular maculae with several small 
hemorrhages. No definite scotomata were 
found on field examination; however, there 
was one small central scotoma O. D., which 
was extremely variable but almost con- 
stantly present. After 12 weeks of therapy 
the vision was 20/200 O. D. and 20/30 
O. S. After 17 weeks the visual acuity was 
found to be 12/200 O, D., 20/60 O. S. No 
hemorrhages were found on this examina- 
tion. Markedly advanced arteriosclerotic 
were noted. On this examination, 
scotomata were found. Subjectively, 
this patient felt that his vision O. U. was 
considerably worse. 

Case 11.—A 72-year-old white woman 
noted slight loss of vision over the past 
year. Visual acuity prior to receiving 
heparin was 20/40 O. D., 20/50 O. S. 
Fundus examination revealed loss of mac- 
ular definition. There was increased luster 
around the right macula and a very fine 
hemorrhage with some stippling in the left 
macula. Angioid streaks were noted in both 
eyes, and in the right eye there was a small 
circumpapillary hemorrhage. After 10 
weeks visual acuity was recorded as 
20/30—2 O. D., 20/40+4 0. S. At the 
end of the test period the visual acuity was 
20/30—1 O. D., 20/50 O. Visual-field 
examination, done prior to receiving hepa- 
rin, revealed no scotomata. At the end of 
the test period, there was found with a 
3/1,000 white object an inferior temporal 
pie-shaped sector defect O. S., sparing the 
macula. Fundus examination at the end of 
the test period was the same as previously, 
with the addition of a visible macular cyst 
on the right. At the end of this period, this 
patient felt that her vision was subjectively 
not nearly as clear as prior to receiving 
heparin. 
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Case 12.—An 86-year-old white man re- 
ceived only five weeks of therapy, after 
which he refused further injections. Visual 
acuity at the beginning of the test was 
16/200 O. D., 20/100 O. S. At the end of 
the period, it was recorded as 10/200 O. D., 
15/200 O. S. Fields were not possible on 
this patient. Fundus examination revealed 
complete punched-out choroidal atrophy, 
with no elevation or pigment visible in the 
macular area. This patient felt that his 
vision was considerably worse under treat- 
ment than before. 

Case 13.—A 70-year-old white man had 
poor vision O. D. for the last several years. 
Visual acuity at the beginning of the test 
was counting fingers at 2 ft. O. D., 
20/40+2 O. S. Fundus examination re- 
vealed many large macular pigment deposits 
The 
both 
with 
sheathing of these vessels causing a large 
central scotoma to 10/1,000 white test ob- 
ject. Visual acuity after 15 weeks of ther- 
apy, which is all this patient received, was 
counting fingers O. D. at 2 ft. and 20/40 
©. S. Fundus examination remained ex- 
actly the same. This patient felt that his 
vision was considerably improved, especially 
that the blind spot next to his nose was 
smaller and fainter. 


with drusen and atrophy in both eyes. 
O. D. showed an old occlusion of 
upper temporal arteriolar branches, 


Group 2 

Case A.—This patient was a 77-year-old 
white woman whose left eye had been bad 
for 18 years and whose right eye was poor 
for four or five months. Vision corrected 
to 20/50 O. D. and counting fingers at 1 ft. 
O. S. 
tinct degenerative area 2 D. D. 
including a rough circinate figure. 
disc and macula was a 48 D. D. degen- 
confluent with the 
degeneration. This lower area 
several discrete circinate figures, several 
moderately large preretinal hemorrhages, 
and areas of exudative retinal 
The left macula was completely included in 


The right macula contained an indis- 
across, 

selow 
macular 


erative area 


contained 


elevation. 
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a sharply punched-out flat atrophic chorio- 
retinal defect, which permitted a clear view 
of underlying large choroidal vessels. No 
exudates or hemorrhages were present O. S. 
There was marked circumpapillary chorio- 
retinal atrophy O. U. One-third of the 
central-field area of 30 degrees radius was 
obliterated O. D, and about one-quarter of 
this area, O. S. 

Placebo injections were given twice 
weekly from July 5 to Dec. 13, 1957. 
Eleven fields showed minor variations of 
the extensive scotomata described above. 
Visual acuity at the end of therapy was 
20/50 O. D. and counting fingers at 1 ft. 
O. S. The left fundus did not change dur- 
ing observation. The right lesion under- 
went in degree of elevation, 
location and extent of hemorrhages, and 
distribution of exudates. 


variations 


The patient noted no improvement in 
vision, suffered from many physical infir- 
mities, and was generally discouraged. 

Case B.—A 65-year-old white woman 
had noted blurred vision O. S. for one year 
and QO. D. for six months. She could see 
no better than to count fingers at 3 ft. O. S. 
and was correctible to 20/50 O. D. She 
had massive disciform degeneration O. U., 
worse ©. S. These lesions were from 5 to 
8 D. D. in extent and contained circinate 
retinopathy, extensive preretinal hemor- 
rhages, microaneurysms (patient not dia- 
betic), exudates, 
exudative 


due to 
chorioretinal 
atrophy. Tangent-screen examination with 
5/1,000 white object showed extensive loss, 
the scotoma involving almost 1/3 of the 
central 30 degrees radius O. D. and more 
than 2/3 of this area O. S. 

Heparin, 100 mg., was given intravenous- 
ly twice weekly from July 5 to Dec. 13, 
1957. Two weeks after start of therapy she 
developed a massive preretinal hemorrhage 
occupying about 1/3 of the inferior periph- 
eral retina. Therapy was not interrupted, 
and in two and one-half months this large 
hemorrhage had disappeared except for 
scattered deposits of pigment. During the 
treatment period 


elevated retina 


detachment, and 


smaller retinal hemor- 
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rhages constantly appeared and disappeared. 
This patient had three episodes of bloody 
effusion into her subdeltoid bursa, proven 
through aspiration by an orthopedic surgeon. 
Ten fields showed little variation beyond 
that expected from poor central fixation. 
The last acuity was 20/50 O. D. and count- 
ing fingers at 6 in. O. S. Rather definite 
fundus changes occurred throughout obser- 
vation, with hemorrhages of varying size 
appearing and gradually absorbing, tending 
to be replaced by exudative or scarred de- 
posits. Rather pronounced serious detach- 
ment of portions of the central retina 
occurred transiently. Soft exudates varied 
slowly over a period of months, and hard 
exudates seemed almost unchanged during 
the five months of observation. 

Subjectively, the patient noted no recov- 
ery of vision but expressed willingness to 
continue therapy indefinitely. 

Case C.—This was a 52-year-old white 
woman with two years’ gradual reduction of 
vision ©. S. Initial corrected acuity was 
20/30 O. D., 20/200 O. S. The right mac- 
ula contained a scattering of drusen and 
small pigment dots surrounding a 0.25 D. D. 
central pigmentation. The left macula was 
essentially similar, except for the addition 
of a 15 D. D. flat central depigmented 
atrophic area. Surprisingly, only a 2 degree 
(1/1,000 white object) scotoma was demon- 
strable O. S. 

Placebo injections were given twice 
weekly from July to Dec. 13, 1957. A total 
of nine visual fields were done. 
central scotoma was 


The small 
recorded ©. S. 
three times, initially, terminally, and once 
toward the 


only 
end. It was not possible to 
recognize any change of either macula dur- 
ing the period of observation. Tinal acuity 
was 20/30 and 20/200. 

She reported making fewer clerical errors 
at the end, though admitting that this might 
be due to work. She 
thought vision seemed slightly better but 
was not completely sure. 


more care in her 


Case D.—A_ 62-year-old white woman 
had noted two months’ decrease of 


vision 
Initial corrected acuity was 20/50 
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O. D. and 20/20 O. S. In the right macula 
was an elevated whitish mass about 1 D. D. 
across, covered with scattered pigment 
granules and surrounded by many small 
drusen. The left macula was similar, except 
that the mass was less well demarcated and 
not elevated. Multiple pigmented drusen 
were situated in the peripheral retina, and a 
small posterior vitreous detachment existed. 

The initial visual field showed a 10 de- 
gree central scotoma with 1/1,000 white 
object O. D., no scotoma O. S. 

Heparin, 100 mg., in intravenous injec- 
tions, was given twice weekly from July 19 
to Dec. 13, 1957. Ten fields were done, and 
all but two showed a central scotoma of 
variable size, O. D. Three showed a tiny 
paracentral scotoma ©. S. Visual acuity 
O. D. varied from 20/100 to 20/40. The 
field defects and acuity did not change con- 
sistently but randomly, and they could not 
be said to prove progression or regression 
of the defect. Final acuity was 20/40 and 
20/20. Her subjective report was that her 


vision seemed the same in all respects, 
neither better nor worse. 
Case &4-year-old white woman 


had reduced vision of one year’s duration. 
Acuity ©. D. was counting fingers at 1 ft.; 
©. S., 20/100 corrected. This patient had 
most severe retinal and choroidal arterio- 
sclerosis. The right macula was obscured 
by hazy grayish circular infiltrates about 
Scattered pigment ir- 
regularity also was present in the macula. 
Several 


across. 


dozen tiny-to-small hemorrhages 
were spread throughout the posterior pole. 
The left macula contained marked pigment 
suppling and irregularity. single 0.1 
DD. D. superficial retinal hemorrhage lay be- 
tween the left and macula. Fields 
with 3/1,000 white object showed a 30 de- 
gree central scotoma ©. D. and a 15 degree 
central scotoma ©. S. 


dise 


Biweekly placebo injections were given 
intravenously from Aug. 2 to Oct. 11, 1957. 
She did not continue because of a broken 
leg. fields no significant 
change. Final acuity was ©. D., counting 
20/200. The ophthalmo- 


showed 
fingers, and ©. S., 
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scopic appearance did not change during this 
two-month period. 

The patient did not report subjective 
change. 

Case F.—A 77-year-old white man had 
decreased acuity for five months O. U., cor- 
rectible to 20/30+ O. U. Both fundi 
showed severe choroidal and retinal arterio- 
sclerosis, with marked pigmentary irreg- 
ularity and stippling of both foveas (about 
0.5 D. D. area). The right lesion was more 
extensive, and peripheral to it was a small 
hemorrhage and three small areas of well- 
defined choroidal atrophy. The initial visual 
field was recorded as showing a 15 degree 
paracentral scotoma to 2/1,000 white object 

Heparin, 100 mg., was given intra- 
venously twice weekly from Sept. 20, 1957, 
to March 7, 1958. Six visual fields were 
recorded, showing no significant change, 
©. D. Inexplicably, the large scotoma O. S. 
was never found after the initial field. The 
second field, done only two weeks after the 
first, showed no trace of this scotoma. 
Visual acuity varied widely, once being as 
low as 20/200 O. D. and 20/50 O. S. The 
last recorded acuity was 20/30— O. U. 
Ophthalmoscopy showed complete disap- 
pearance of the small hemorrhage O. D., 
though the involved macular area increased 
slightly in size during observation. 

The patient reported considerable day-to- 
day variation in acuity, but he was con- 
vinced that he could read better at the end 
of therapy. He recognized clearly that 
“the psychological effect has been tremen- 
dous” and said he had been most discouraged 
when first diagnosed as having intraocular 
hemorrhage and degeneration. 

Case G.—This was a 65-year-old woman 
whose left eye lost vision “40 years ago.” 
The right eye went bad “nine months” be- 
fore examination (she said, though photo- 
graphs were available which showed O. D. 
to have had an exactly identical appearance 
more than a year previously). Acuity was 
counting fingers in distance O. D., counting 
fingers at 1 ft. O. S. The right macula was 
crossed by a very discrete curved band of 
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tissue of 1X3 mm. size. O. S. had a typical 
disciform degeneration about 5 D. D. across, 
with a circinate figure, several large hemor- 
rhages, flat detachment of the central retina, 
and scattered exudates. Field with 3/1,000 
white object showed a 15 degree central 
scotoma O, D., 25 degree, O. S. 

Placebo injections were given biweekly 
from Sept. 6, 1957, to March 7, 1958. Seven 
fields showed no significant changes. Final 
visual acuity was O, D. 20/200 questionable, 
O. S. counting fingers. The right macular 
lesion was absolutely unchanged during the 
period of observation and was exactly simi- 
lar to the year-old photograph. Microaneu- 
rysms, hemorrhages, and exudates varied 
slightly during observation O. S., though 
the general picture of disciform degenera- 
tion remained about the same. 

The patient was certain that her vision had 
been helped and cited specific instances, 
such as cooking and watching television, 
where she could see better. She stated she 
could not see straight ahead initially O. D. 
but could at the end. 

Case H.—A 69-year-old white woman 
had had childhood strabismus and never had 
good acuity O. D. For one year O. S. had 
failed. Acuity was corrected to O. D. count- 
ing fingers at 1 ft., O. S. 20/50+. Both 
maculae were heavily spotted with drusen 
and showed hazy central infiltrative changes. 
An old occlusion of the upper temporal vein 
O. S. was recognizable through characteristic 
tortuosity and branching. Posterior vitreous 
detachment was present. A 10 degree para- 
central scotoma was present O. D. to 1/1,000 
white object, but no scotoma was recorded 
©. S. initially. 

Heparin, 100 mg., was given intrave- 
nously biweekly from Sept. 27, 1957, to 
March 11, 1958, Of the six recorded fields, 
three report a 5 to 10 degree central scotoma 
O. S. to 1/1,000 white object. Because of 
very poor fixation, the right scotoma was 
extremely variable. Final acuity was O. D. 
counting fingers and O. S. 20/30. The fun- 
dus O. D. definitely deteriorated, with de- 
velopment during observation of disciform 
changes and marked overlying venous tor- 
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tuosity. The left fundus, including the old 
venous occlusion, did not change. 


This patient was most enthusiastic about 
therapy, emphasizing that it definitely im- 
proved vision, helped her “heart condition,” 
“stopped bones from aching,” made her more 
vigorous, caused a gain of 10 lb. (she was 
a rather thin woman), and made her feel 
better all over. She thought getting out of 
her home had helped very much, and since 
treatment she had taken jobs baby-sitting, 
caring for a house, and working in a hard- 
ware store! 

Case |.—A 70-year-old white woman had 
visual loss O. S. of several years’ duration. 
Initial corrected acuity was 20/20 O. D., 
20/50 O. S. The left macula was slightly 
elevated and indistinct, with scattered deeply 
situated pigment flecks visible by proximal 
illumination. The involved area was about 
1.5 D. D. across. Similar changes were 
present O. D. but were less pronounced and 
devoid of pigmentation. Senile vitreous 
liquefaction was conspicuous. No scotomata 
were demonstrable in either eye. 

Heparin, 100 mg., was given intravenously 
twice weekly from Oct. 4, 1957, to March 
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7, 1958. Five visual fields were recorded 
(monthly) and showed gradually evolving 
central scotomata, which grew larger and 
denser on each examination. At the time of 
final field, the 2/1,000 white object defect 
encompassed a 7 degree paracentral circle 
O. D. and a 10 degree defect O. S. Visual 
acuity also declined and was last recorded 
as 20/40 O. D., 20/50 O. S. The ophthal- 
moscopic picture became slightly worse 
©. U., with more elevation and distortion 
than in the beginning. 

Despite this clearly documented deteriora- 
tion of the eyes, this patient was most 
enthusiastic about her results and was con- 
vinced that she had obtained visual improve- 
ment. 


Fundus photographs were taken during the 
course of this study by Prof. Jack Prince. Drs. 
Makley, Andrew, Sage, Bontley, Magnuson, and 
Stine permitted use of their private patients. Part 
of the heparin used in this study was given by the 
Darwin Laboratories, Los Angeles. 
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Artifacts and Normal Variations in Human Ocular 


Electromyography 


ARTHUR JAMPOLSKY, M.D.; EDWARD TAMLER, M.D., San Francisco, and ELWIN MARG, Ph.D., 


Berkeley, Calif. 


Sir Francis Walshe, in discussing “The 
Future of Neurology” at a meeting of the 
Royal Society of Medicine, stated his con- 
viction that ‘“‘a fruitful future for neurology 
lay rather with experimental pathology than 
with electrophysiological studies. the 
case of the latter, it seemed that many stud- 
ies revealed more about the properties of 
the apparatus used than of the functions of 
the nervous system.” ! 

Thus, whenever a relatively new technique 
involving complicated apparatus, such as 
ocular electromyography, is introduced, one 
must establish normal ranges for proper in- 
terpretation of the results. More important, 
one must be able to distinguish artifacts 
from meaningful data. 

A previous publication * outlines the tech- 
The 
purpose of this paper is to point out (41), 


nique of human electromyography. 


normal variations of ocular electromyogra- 
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Fig. 1 


electrode insertions 


phy, and (/), artifacts in electromyography. 
Because of these normal variations and arti- 
facts, we shall, in our discussion, point out 
some limitations of interpretation and what 
may be some erroneous concepts based upon 
artifacts. 


Normal Variations 

1. Degree of Activity—The degree of 
activity recorded depends upon the site of 
the electrode tip within the muscle. There 
is a greater recorded activity from the mid- 
belly portion of the muscle than from more 
distant areas. Different sites within the mus- 
cle show large differences in activity. 

ligure 1 shows three electrodes at dif- 
ferent sites in the same muscle during con- 
traction of the muscle. Electrodes closer to 
the muscle belly record activity sooner and 
reach larger amplitudes than the recordings 
from electrode tips more distant from the 
muscle belly. With intentionally poor inser- 
tions of the electrodes near the tendonous 
portion of the muscle, the activity is re- 
corded later and reaches smaller maximum 
amplitudes, Thus, sampling differences may 
account for marked differences in amplitude, 
and this is an important reason why relative 
strengths of muscle contraction may not be 


Simultaneous recording from three electrodes at different sites within the same 
medial rectus muscle, | Note the differences in time of onset of recording from the different 
rhe second channel is not working. 
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Fig. 2.—Recording from an electrode insertion into the region of crossing of the inferior 
rectus and inferior oblique muscles. A, down-gaze, showing activity recorded from the inferior 
rectus. B, primary position, showing decreased activity recorded. C, up-gaze, showing increased 
activity recording from inferior oblique muscle. 


inferred from electromyographic data ex- 
cept in frank, marked, neurogenic disease, 
as will be pointed out in the discussion, In 
our experience, electrode placement into the 
belly of the medial rectus is easier than 
placement into the lateral rectus, with con- 
sequent greater amplitudes of recording 
from the medial rectus during ordinary test- 
ing procedures. Thus, a diagnosis of “spas- 
tic esotropia” based upon electromyographic 
recording of large amplitudes from the 
medial rectus could be based on merely a 
normal variation. 

Relative changes of activity from the 
same muscle during contraction are more 
difficult to observe in recordings with low 
amplitude of activity. This may be because 
of a poor insertion or because of minimal 
activity from a muscle in a field of gaze 
where minimal contraction takes place. 

2. Activity from More than One Mus- 
cle.—Activity from more than one muscle 
may be picked up through a single electrode 
insertion if the concentric electrode shaft 
or tip rests close to the muscle belly of each. 
In practice, this is restricted to the instance 
of an electrode inserted into the area where 
the inferior oblique and inferior rectus mus- 
cles are in juxtaposition near the ligament 
of Lockwood. Figure 2 is an example of 
this, in which there is increasing activity 


Fig. 3.—Same_ record- 
ing as Figure 2, after 
a slight change in elec- 
trode position. A, down- 
gaze, showing minimal 
recorded activity of in- 
ferior oblique. B, primary A 
position, showing gradual 
increase of recorded ac- 
tivity from the inferior oblique. 
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C, up-gaze, showing maximal 
oblique. (The time scale and the calibration are the same as in Figure 2.) 


recorded in down-gaze (Fig. 24) because 
of inferior rectus activity. The recorded 
activity decreases with elevation of gaze 
to the primary position (Fig. 2B). The 
activity again increases in up-gaze, owing 
to recorded activity from the inferior 
oblique muscle (Fig. 2C). Evidence that 
this inference is correct is given in Fig- 
ure 3, which shows the record from the 
same electrode tip, which has been slightly 
shifted during this same recording so 
that the inferior oblique alone is now 
recorded. The electrode tip is now at some 
distance from the inferior rectus, and only 
the inferior oblique is being recorded, show- 
ing the characteristic increase in electrical 
activity from down-gaze, where there is 
minimal activity of the inferior oblique 
(Fig. 34); to the primary position (Tig. 
3B), where there is an increase in activity; 
to the up-gaze (Vig. 3C), where there is 
maximal activity. This response of record- 
ing from two muscles with a single electrode 
is similar to, if, indeed, not the same as, ex 
amples given by others of “anomalous in 
nervation,” as will be discussed later. 

3. Electrode Movement.—Electrode move- 
ment may occur as a result of muscle con 
traction, although ordinarily 


its position 
seems to remain remarkably constant.? 


recorded activity from the inferior 
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Fig. 4. — Simultaneous 
recording from the four 
horizontal rectus muscles 


ment from right to left 
gaze. Note the overlap- 4 
ping of recorded recipro- LMed.R. 
cal activity in the two 
lower channels compared 100 
with less overlapping of aid 
the two upper channels, ISEC 


owing to sampling dif- 
ferences. 


We deduce that if the electrode is placed 
so that the tip rests near the surface of the 
muscle, the tip may, in fact, record activity 
from within the muscle in one position of 
gaze, while in another position of gaze the 
tip may work free of the muscle tissue and 
presumably rest a few millimeters from the 
tissue and thus record little or no activity. 
The evidence for this uncommon effect is 
that the activity may be heard over the 
loud-speaker to reach a maximum, and dur- 
ing further contraction of the muscle, when 
the gaze continues to be directed further 
in the same direction, the activity may be 
heard to drop off at a certain point in a 
regular repeatable fashion, presumably as 
the tip becomes displaced from the muscle 
tissue. Readjusting the tip so that it very 
likely rests now within the muscle tissue 
results in a resumption of the unit activity 
which can be heard and recorded. Experi- 
ence indicates that this occurs very infre- 
quently. Electrode movement per se, unless 
the electrode is inserted further or with- 
drawn, results in no appreciable change in 
the recording. 

4. Measured Time Relationships of Elec- 
trical Activity Between Muscles.—These de- 
pend upon the relative amplitude of activity 
in the recordings. Figure 1 shows that the 
beginning of observable activity in the trac- 
ing depends upon the electrode site within 
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the muscle. Figure 4 shows recordings from 
the four horizontal rectus muscles and dem- 
onstrates such sampling differences. There 
is overlapping of reciprocal innervation of 
the left medial and lateral rectus muscles 
because of relatively good insertions, while 
the right medial and lateral rectus muscles 
show less overlapping of the reciprocal in- 
nervation recordings, simply because of 
sampling differences. 

5. Other.—Normal variations in recorded 
electrical activity from muscles acting in 
planes going through the primary position * 
and planes between the visual lines in two 
tertiary positions * are discussed elsewhere. 


Artifacts 

Artifacts interfere with the recording of 
electrical-unit activity from the extraocular 
muscles. An artifact may be defined as any 
extraneous recorded potential. They may 
arise from several sources, such as the re- 
cording of extraneous electrical phenomena, 
improper shielding of the equipment and 
cables, and electrical limitations within the 
equipment. 

1. Television Artifacts.—Television arti- 
facts may be inadvertently recorded even 
with good shielding and careful engineering, 
especially in metropolitan areas where pow- 
erful transmitters are located nearby. Fig- 
ure 54 shows a normal subject with unit 


Fig. 5.—A, television 
artifacts superimposed 
upon normal unit activity 
at slow film speed. B, 
same as A at high film 
speed. Note the regularly 
recurring high-amplitude 
television pulses. 


Vol. 61, March, 1959 


ARTIFACTS AND NORMAL VARIATIONS IN ELECTROMYOGRAPHY 


A B 


10 MSEC 


Fig. 6.—A regularly recurring television artifact (arrows) during maximal, A, and minimal, 


B, muscle contraction. 


activity recorded along with a_ regularly 
recurring television artifact. Figure 5B is 
the same as Figure 54, displayed with a 
higher film-sweep speed in order to observe 
the wave form of each unit. The television 
artifact shows a very characteristic pattern.* 

Figure 6 shows a television artifact in 
the recording from a normal subject during 
maximal (Fig. 64) and minimal (Fig. 6B) 
contraction of the muscle. One notes that 
the recognizable regularly recurring tele- 
vision artifact decreases in amplitude along 
with the decrease in actual muscle-unit ac- 
tivity. The fact that an artifact may itself 
be altered in amplitude along with the 
recording of actual unit activity indeed poses 
an ofttimes confusing problem. 

Integration of the electrical activity is of 
little aid, since artifacts are integrated to- 
gether with actual unit activity. 

Such artifacts, recorded alone, may simu- 
late unit activity, since they may change 
amplitude in a regular fashion with eye posi- 


* These pulses may be identified as TV _ pulses, 
vertical synchronizing and blanking, by their char- 
acteristic wave form, time duration (1,250usec.), 
and frequency (60 pulses per second). They result 
from TV signals entering the apparatus and are 
eliminated by proper shielding and grounding. 
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tion, as does regular unit activity. As will 
be pointed out subsequently, a poor elec- 
trode insertion with low amplitude record- 
ing is particularly prone to demonstrate 
such artifacts. 

Further knowledge of such extraneous 
electrical phenomena may be obtained by a 
study of television pulses following com- 
plete induced paralysis of the muscle and 
complete cessation of all unit activity fol- 
lowing procaine injection. Figure 7 shows 
a recording from a normal medial rectus 
during minimal and maximal contraction 
activity. One will note that the television 
artifact (arrow), seen clearly during mini- 
mal activity (Fig. 74), is masked during 
maximal activity (Fig. 7B) by the normal 
unit activity, Figure 8 is the same electrode 
insertion after procaine injection into the 
muscle and cessation of all unit activity. 
Figure 84 shows the regularly recurring 
television artifact during minimal contrac- 
tion and minimal activity (as in Fig. 7). 
Figure 8B shows that during attempted gaze 
into the field where maximal contraction of 
the muscle would take place the television 
artifact is observed to increase in amplitude. 
There is a complete absence of unit activity 
because of the procainization, but the eye 


J ~ artitact (arrow) — seen 
clearly during minimal 

activity, A, which is 


masked during maximal 


10 MSEC activity, B. 
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10 MSEC 10 MSEC 

Fig. 8.—Same as Figure 
7, following procainiza- 
tion of the muscle, with 
cessation of all unit ac- ad all 
tivity. Note the increase 100, MIN MAX 
in amplitude of the regu- uN 

larly recurring television A B 
artifact from minimal ac- 
tivity, A, to attempted maximal gaze, B, into the field of action of the procainized muscle. 


the film speed is increased, as indicated, the voltage calibration is unchanged. 


was seen to move less than 10 degrees be- 
cause of the change of activity of the other 
associated oculorotary muscles. 

Figure 9 shows a slow (A) and high (B) 
film-speed “doublet” artifactual activity re- 
corded from an electrode placed in isotonic 
saline solution without a subject. These 
spikes represent the characteristic television 
60-cycle pulse, which may be mistaken for 
unit activity. 

It should be emphasized that high-film- 
sweep-speed samples of individual units 
seen on slower-speed records are necessary 
for proper analysis and interpretation. 

Such television artifacts may be similar 
to some of the evidence given in support 
of “anomalous innervation,” as 
later. 

2. Artifacts of Base-Line Movement.— 
The character of base-line thickness, 
position, 


discussed 


com- 
and movement has been outlined 
previously. Some relatively slow shifts in 
the base line may occur at the beginning or 
end of any eye movement. Actual unit 
activity may or may not be superimposed 
upon the shifted base line. One must be 
cautious not to interpret such a slow shift 
in base line as unit activity. 


Although 


With any quick eye movement, one may 
record a relatively slow shifting in base line 
which, as an artifact, may simulate unit ac- 
tivity. At the beginning of a_ saccadic 
(quick) eye movement, one does record an 
actual burst of unit activity in the agonist. 
This burst of activity, however, must be 
differentiated from a slow artifactual shift- 
ing of base line which may occur. 
again, 


Once 
the electromyogram at fast-camera 
sweep speed allows one to differentiate the 
actual composition of the “burst” as artifact 
versus true unit activity. 

The slow artifactual deflections of the base 
line which occur at the beginning of a quick 
eye movement may also occur in the com- 
pletely inhibited antagonist in its inhibitional 
phase during the movement in the opposite 
direction. Obviously, such deflections of the 
base line do not represent a burst of real 
unit activity taking place during the in- 
hibitional phase but must be artifactual. 
Grossly, however, the artifactual shifting of 
the base line may be similar to that which 
may occur at the beginning or cessation of 
true unit activity with change in eye posi- 
tion. Figure 104 shows recruitment during 
a small quick change in eye position with 


10 MSEC 
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Fig. 9—“Doublet” arti- 
factual activity recorded 
from an electrode placed 
in isotonic saline solution 
without a subject at nor- 


mal film speed, A, and 
high film speed, B. 
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an artifactual 
(arrow ). 


deflection of the base line 
Figure 10B shows the same in- 
sertion with eye movement in the opposite 
direction, again with an artifactual deflection 
of the base line (arrow), which may fre- 
quently be seen with a change of eye posi- 
tion. Figure 10C shows another marked 
artifactual shift in base line in another pa- 
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Fig. 10.—A, artifactual 
deflection of the base line 
during recruitment phase 
of a small quick change 
in eye position (arrow) 
B, a similar artifact with 
a quick change in eye 
position in the opposite 
direction (arrow). C, the 
shifting of the base line 
at the start of an eye 
movement. 
nel in A 


Bottom chan 
and B is the 
integrator record, 


tient, which has often been mistaken for 
summated unit activity. 

Figure 1141 shows a saccadic movement 
with a burst of unit activity, and Figure 
112, the same without an initial burst of 
unit activity and without shifting of the base 
line. 
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Fig. 11.—A, a saccadic movement with a burst of 


unit activity. B, without an initial burst of unit 
activity. Neither shows an artifactual shifting of 
base line. 


igure 12 shows a high-film-sweep-speed 
sample of a quick eye movement without an 
artifactual shifting of base line. Figure 7 
shows a similar quick eye movement with a 
superimposed artifactual shifting of base 
line mixed with unit activity. 

From the foregoing examples, it may be 
concluded that a proper evaluation of an 
ordinary sweep-speed electromyogram (1% 
in. per second) may only be made by a 
similar tracing of the same phenomenon 
with film sweep speed fast enough to ex- 
hibit the wave form of activity. The ap- 
parent burst may be a true increase of 
activity or may be solely an artifact or may 
be mixed, as will be discussed later. 

The base-line shifts may be caused by the 
eyelids touching the electrode shaft. Move- 
ments of the lids against the electrode in an 
extraocular muscle, as during a blink, may 
produce characteristic recorded changes. 


» OF OPHTHALMOLOGY 


Figure 134 shows the effect of blinks on 
electromyographic tracings. Figure 138 
shows a fast-film-sweep-speed presentation 
of a blink (arrow) superimposed upon nor- 
mal unit activity. A blink is recorded as a 
shift of base line and may at slow film 
sweep speed simulate unit activity or a burst 
of unit activity. 

3. Orbicularis Muscle  Activity.—This 
may also be recorded as an artifact from 
an electrode in an oculorotary muscle. Gen- 
tle or strong voluntary closing of the eye- 
lids results in marked increase of electrical 
activity from every extraocular muscle be- 
ing recorded (Fig. 14). 

Although this might at first observation 
appear to indicate coactivity of the extra- 
ocular muscles during lid closure, the fol- 
lowing experiment shows that it is not the 
case. 

When an electrode is inserted into the 
conjunctiva alone over a rectus muscle but 
not into the muscle (which position does 
not show unit activity with eye movements ), 
then lid closure still yields marked activity 
in all channels (Fig. 15). 

Lid hooks, which hold the lids free of the 
globe and away from the electrodes, result 
in a diminshed recording of activity noted 
during voluntary attempted lid closure and 
blinks (Fig. 164 and B). Presumably, 
there is a decrease of the transmission of 
orbicularis activity to the activity recording 
electrode inserted into the oculorotary mus- 
cle. Hence, it is important to remember that 
one may record electrical activity, presuma- 
bly from the orbicularis, from electrodes 
inserted into the oculorotary muscles and 
that such extraneous electrical activity on the 
recording may not be satisfactorily elimi- 
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_Fig. 12.—A high-film-sweep-speed sample of a quick eye movement without an artifactual 


shifting of base line. 
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=R.LotR. 
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+R. Inf. R. 
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Fig. 13.—A, the effect of blinks (arrows) on the electromyograms. B, a fast-film-sweep- 
speed presentation of a blink superimposed upon normal unit activity. The lower trace is a 
continuation of the upper trace. Arrow indicates the start of the blink. 


Fig. 14. — Voluntary 


closing of the eyelids, 

corded electrical activity } 


serted into the rectus ? 

muscles. The lower trac- Inf. R. 
ing is the time signal and 
is the same for Figures t 
14-17, 20, and 21. ISEC 


Fig. 15.—Voluntary closing of the eyelids, re- nated by usual equipment alterations or usual 
sulting in an increased electrical activity recorded . ; ‘ 
from all electrodes inserted into the conjunctiva shielding techniques. 
near, but not into, the rectus muscles. 4. Artifacts Recorded with Poor Elec- 
trode Insertion or Low-Amplitude Record- 
ing.—Figure 17 shows a poor electrode 
insertion (Channel 1) with consequent low 
amplitude of activity. It is noted that arti- 
facts are more evident in records with poor 
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+RMed 


Figure 17 


100, A Fig. 16.—Voluntary closing of the eyelids and 
‘ , , blinks under usual circumstances, A, showing 
bursts of increased recorded activity from elec- 

y 


— : trodes inserted into the rectus muscles. B, same as 
en re A with lid hooks, which hold the lids free of the 
globe and away from the electrodes, resulting in 


Fig. 17—A normal recording of saccadic move- 
ments from the right medial rectus and a poor 
? recording with low amplitude of activity from the 
B right lateral rectus, owing to poor electrode inser- 
tion. Note that artifactual activity is more evident 

Figure 16 in the tracing from the poor insertion. 


electrode insertions and low amplitude of low recording of extraneous electrical ac- 
activity. These errors may be minimized tivity, such as heart beat, nasopharyngeal 
or eliminated with good engineering and muscular movement, and diathermy machine 
good insertions of electrodes into the mus- activity. 


Fig. 18.—Rhythmiec artifacts from the heart beat (arrows) and from swallowing move- 
ments (brackets) recorded from an electrode inserted into an extraocular muscle, Note that the 
integrator (Channel 2) reflects artifactual activity. 


cles, so that recordings of sufficient ampli- (a) Rhythmic Artifacts: Rhythmic arti- 

tude are made. One must, therefore, be facts, such as electrical activity resulting 

especially cautious in interpreting records from the heart beat (Fig. 18, arrows) or 

from paretic muscles, from swallowing movements (lig. 18, 

Improper Shielding and Inadequate brackets), may be recorded from an elec- 

Amplifier Balance.—These factors may al- trode inserted into an extraocular muscle. 
Fig. 19.—Waves of activity from a clinically involved extraocular muscle (left superior 


rectus) in a patient with endocrine exophthalmos during attempt to hold steady fixation in the 
field of its action. (Incidentally, note relatively unchanged activity of left inferior oblique, with, 


at the same time, waves of activity in left superior rectus. ) 


H<-L.SupR. 
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Fig. 20.—Blocking (be- 
ginning at arrow) of 


AND NORMAL VARIATIONS IN ELECTROMYOGRAPHY 


“LotR 
<—LMed. R. 


tracing from the left 
inferior oblique because =L.Sup.R. 
of overloading of the =L.inf. 0. 


amplifier. 


This artifact may be eliminated by proper 
amplifier balance. Some of these rhythmic 
changes may be confused with waxing and 
waning of activity, so-called “spindle pat- 
tern” activity. 

Incidentally, other waves of activity, 
which may be regular or irregular, may 
occur in patients with attempted gaze dur- 
ing fatigue and also in attempted gaze in 
anomalous conditions, such as muscle pare- 
sis and exophthalmos, when there is diffi- 
culty in sustaining fixation in a particular 


Simulated — unit 


Fig. 21.- 
oscillation of the amplifier. 


activity caused by 


field of gaze. Figure 19 demonstrates waves 
of activity in the superior rectus during 
attempted sustained fixation in the upper 
field in a patient with endocrine exophthal- 
mos, Similar phenomena of uneven recruit- 
ment were described earlier by Bjork.* 

(b) Overloading of the Amplifier: This 
may cause blocking (lig. 20, fourth chan- 


Fig. 22.—Single-unit activity during an acceleration phase of the camera film speed. 


nel, beginning at arrow).} The second 
channel in Figure 21 shows oscillation of 
the amplifier, an uncommon occurrence, 
which may simulate unit activity. 

(c) Variations in Film Sweep Speed: 
Changes in the camera-film sweep speed 
during a given recording may cause an ap- 
parent change in frequency of single units. 
This is particularly true at the beginning or 
end of a record when the film may be ac- 
celerating or decelerating. Ligure 22 shows 
single-unit activity during an acceleration 
phase of the film, One will note that as the 
camera-film speed increases, the unit-activity 
wave form becomes spread out from the 
straight line spikes at the beginning of the 
tracing and is clearly displayed. 

Such 


speed may be monitored by simultaneous 


alterations in) camera-film sweep 


recording of a timing signal or eliminated 
by the camera design. 


+ Amplifier overload results when an input signal, 
considerably larger than the amplifier was intended 
to handle, is applied at the 
transient overload, an A. C. 


input. Following 
amplifier is blocked 
for a period between a few hundredths of a second 
and several seconds. During the blocked period the 
amplifier does not work. 


Note 


apparent change in frequency of the unit activity and the corresponding change in the time-scale 


tracing. 


Jampolsky et al. 


97/411 


= 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Comment 


There are many normal variations in 
recorded electrical activity from human ocu- 
lar electromyography, and there are many 
artifacts. 

Whenever a new concept is to be derived 
from electromyography, it is desirable to 
observe the following criteria: (a) a typical 
slow-film-sweep-speed recording of local 
electromyographic activity with adequate 
amplification; (b) a fast-film-sweep-speed 
recording of the same phenomenon, in order 
to examine the wave form and unit activity, 
and (c) information relative to the presence 
or absence of fusion and maintenance of 
fixation. 

It is of especial importance to analyze a 
fast-film-sweep-speed sample in order to 
distinguish artifacts from true unit activity, 
not always distinguishable in recordings at 
slower speeds. 

Whenever an eye moves, one may record 
artifacts of base-line movement. It is proba- 
ble that artifacts are magnified in different 
eye positions and with increased unit ac- 
tivity. 

Shifts of base line may be confused with 
muscle-unit activity, and this may lead to 
confusion in interpretation relative to time 
relationships of innervation, muscle con- 
traction, and eye movement. Eye movement 
or position may not with any degree of cer- 
tainty be extracted from an electromyogram. 
One may have electromyographic changes 
from the recorded muscle without eye move- 
ment, and one may, under certain conditions, 
occasionally have eye movement without 
electromyographic changes. Eye movement 
is better determined and measured by other 
techniques, such as electro-oculography. 

A good electrode insertion with adequate 
amplification of the record is desirable for 
proper evaluation. Artifacts appear to be 
commoner in low-amplitude recordings or 
with poor electrode insertion, and here a 
fast-film-sweep-speed sample of the record 
is even more desirable for proper interpreta- 
tion. 
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Before the following interpretations and 
concepts of electromyographic data become 
too firmly entrenched in the literature, it 
may be well to examine them more closely 
in the light of findings presented in this 
paper. 

1. “Spastic Esotropia.” *—One cannot de- 
termine relative strengths of activity from 
electromyograms except in marked paresis. 
Electrode-placement variation may account 
for large differences in amplitude of the 
recording. A large amplitude recording of 
the medial rectus muscle does not establish 
a diagnosis of “spastic esotropia.” 

2. “Retraction Nystagmus.”—We agree 
with Bjork? that “in the recording of nys- 
tagmus, artifacts easily occur, and may be 
due to movement of the needle electrode. 
Interpretation of the records must therefore 
be done with caution.” Electromyographic 
evidence in support of “retraction nystag- 
mus” could be due to artifacts originating 
in the eyelids. Simultaneous recording of 
the electrical artifacts on multichannel rec- 
ords makes their recognition easier. 

3. “Anomalous Innervation.” ——Some of 
the evidence in support of the phenomenon 
of “anomalous innervation” could, in part, 
be normal electromyographic variations. It 
has been pointed out that low-amplitude re- 
cordings, such as from paretic muscles, are 
particularly prone to artifacts. Recording 
through a single electrode the activity from 
both inferior oblique and inferior rectus 
muscles may be a normal variation and, thus, 
insufficient evidence in support of this con- 
cept. Base-line artifacts 
traneous electrical 


and other 
phenomena recorded 
(such as television) may be systematically 
changed in amplitude with alterations in 
eye position and with changes in unit ac- 
tivity. It is therefore felt that the unusual 
physiological hypothesis of “anomalous in- 
nervation” requires further elucidation and 
more evidence. 

4. “Hering’s Law.”—This law and its in- 
terpretation relative to alterations in re- 
corded coactivity of opposing muscles in the 
stationary fixing eye during asymmetric 
convergence have been presented elsewhere.® 


ex- 
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Slow eye movements of less than 8 degrees 
do not ordinarily show observable alterations 
in recorded electrical activity from the ocular 
muscles. Thus, significant relative changes 
in electromyograms may not be obtained 
because of insufficient instrument sensitivity 
(amplification ) or insufficient stimulus. This 
has led to what we believe to be an error 
in the interpretation of Hering’s law by 
other authors. 

5. “Divergence Mechanism.” —This mech- 
anism is best studied electromyographically 
by simultaneous binocular recordings. 

It is hazardous and, indeed, often er- 
roneous to make inferences regarding bin- 
ocular functions or mechanisms from 
monocular electromyograms.'® Monocular 
electromyograms from an abducting eye, 
under whatever circumstances, indicate only 
that when an eye moves the movement is 
the result of oculorotary muscle contraction. 
The recorded electrical unit activity indi- 
cates the contraction, but not the function, 
of the muscle at any particular time. Thus, 
an electromyogram of the horizontal rectus 
muscles of one eye cannot be used to dis- 
tinguish divergence from abduction. 

We can understand Sir Francis Walshe’s 
pessimism regarding  electrophysiology, 
quoted in the opening paragraph, but we 
cannot agree with his conclusions. With 
strong skepticism and painstaking care, 
artifacts may be largely, if not entirely, ex- 
posed and eliminated or rejected. 

Niles Roth, A.B., M.O., designed and con- 
structed the electrode; William Houweling con- 


structed, maintained, and operated the electronic 
equipment; Wilmer Renner took the photographs. 
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Department of Ophthalmology, Stanford Uni- 
versity Hospitals, Clay and Webster Sts., San 
Francisco (15). 
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Histochemistry of the Retina in Tay-Sachs Disease 


DAVID G. COGAN, M.D., and TOICHIRO KUWABARA, M.D., Bost 


The pathologic features of Tay-Sachs 
disease have been described by numerous 
All are agreed that the 
significant abnormality in the eye is a dis- 
tention of the ganglion cells about the fovea 
and, with rare and inexplicable exception,” 
an atrophy of the optic nerve. 


investigators.! 


Especially 
valuable from the histologic point of view 
have been the studies on eyes fixed within 
a matter of minutes after death.2* The 
swollen appearance of the ganglion cells in 
eyes subjected to routine dehydration sug- 
gested early that the abnormal substance 
was nucleoproteid,* myelin,® or fat, but 
Marchi stains for fat were negative.* Sub- 
sequently, however, the substance was found 


25 


to sudanophilic?** and presumably 
identical with the partially characterized 
substances found in the ganglion cells of 
the brain with this disease.” 

Despite the number of well-documented 
studies with standard 


methods, the retina of this disease has not 


use of histologic 
been extensively investigated by means of 
modern histochemical techniques. It is the 
purpose of this article to report a study 
directed toward this end and to emphasize 
several features not heretofore recognized. 


Report of a Case 


This patient was a Jewish boy who had 
been followed by the Children’s Medical 
Center of Boston and was at the time of 
death 3 549 years old, The other two siblings 
in the family were normal, but one paternal 
cousin had died of Tay-Sachs disease. 

Submitted for publication April 9, 1958. 

IXxpenses for this study were partially defrayed 


by a grant from the Knights Templar Eye Founda- 
tion, Ine. 

Howe Laboratory of Ophthalmology Harvard 
University Medical School, and Massachusetts Eye 
and Ear Infirmary. 
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A diagnosis of Tay-Sachs disease was 
made in the present patient at the age of 
6 months on the basis of cherry red foveas 
and convulsions, He was hospitalized several 
times for bronchopneumonia and put on 
several lipid-mobilizing agents (Monichol, 
Tween, choline, and inositol), as well as 
anticonvulsants. He became progressively 
listless and blind, however, and eventually 
he was completely out of contact with his 
environment. Finally he died at home from 
aspiration pneumonia and was transferred 
to the hospital for autopsy. 

The removed and fixed in 
formalin for several weeks. The globes were 
then bisected, and the anterior and posterior 
halves were embedded and sectioned sepa- 
rately. The anterior halves were interpreted 
as normal. 


eyes were 


The posterior half of one eye was em- 
bedded in gelatin and most of it cut in the 
frozen state. A small portion of this retina 
was excised, dehydrated, and embedded in 
paraffin, The optic nerve of the other eye 
was separately excised, embedded in paraffin, 
and prepared as cross sections. The retina 
of the latter eye was embedded in gelatin 
and cut so as to obtain flat or oblique sections 
of the retina through the macular region. 
Control eyes that were presumed to be nor- 
mal were treated in the same way. 


Tissue Methods 


lor purpose of comparison, the present 
case was prepared along with and in an 
identical manner as eight normal eyes, the 
eyes of two patients with metachromatic 
leukoencephalopathy, and one eye of a pa- 
tient with spongy degeneration of the 
nervous system. The decision as to whether 
or not changes in the present case were 
abnormal is based on comparison with these 
controls, 


For solubility tests, unstained sections 
were immersed in various solvents for dif- 
ferent periods of time and then mounted in 
Paragon Mounting Medium and examined 
for persistence of the abnormal birefringence 
which had been found in the untreated sec- 
tions. 


Observations 

Gross Specimen.—The only definite ab- 
normality in the gross was the dense white 
opacity corresponding to the macula and a 
central dark spot corresponding to the 
fovea. The of the white area was 
approximately twice that of the disc. The 
disc itself appeared white, but this is not 
abnormal for enucleated and fixed eyes. 

Unstained Sections.—These were not 
noteworthy except for the abnormal bire- 
fringent material, which will be described 
subsequently. 

Hematoxylin and Eosin Stain.—Hema- 
toxylin and eosin stains of the paraffin- 
embedded retina showed loss of the nerve 
fiber layer, reduction of the ganglion cells 
(especially in the immediate vicinity of the 
fovea), and a_ lightly eosinophilic and 
amorphous material in the inner layers of 
the retina about the macula (Fig. 1). This 
substance appeared to have been derived 
from the ganglion cells but was accompanied 
by no phagocytic or other tissue reaction. 
The ganglion cells were probably distended, 
and the cytoplasm appeared unusually empty, 


size 


but most conspicuously abnormal was_ the 
presence of cell “ghosts” that had no nuclei. 
The rest of the retina appeared normal. 
Sudan IV and Hematoxylin.—The gan- 
glion-cell layer about the fovea showed a 
diffuse sudanophilia (Vig. 2). This was in 
the form of granules approximately 1p in 
diameter present within ganglion cells and 
in the extracellular substance about ganglion 
cells. It was also present in large cells in 
the inner aspect of the bipolar-cell layer. 
While the sudanophilia was less marked than 
that, for instance, in the retrobulbar adipose 
tissue, it was considerably more marked 
than the normal sudanophilia in the terminal 
portion of the rods and cones. The variation 
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in intensity of the staining was a function 
of the concentration of the granules rather 
than of the density of stain of the individual 
granules. No sudanophilia was present in 
any of the normal eyes, but there was some 
sudanophilia, although mild, of the large 
ganglion cells of the retina in the cases of 
metachromatic leukoencephalopathy. In these 
latter cases, however, in contradistinction 
to the present case, the ganglion cells about 
the fovea were less affected than the more 
peripheral ganglion cells, 

The optic nerve showed none of the 
sudanophilia such as is normal for myeli- 
nated nerves. 

Also evident in sections was the 
extensive atrophy of the nerve fiber layer 
and the increased cellularity (gliosis) of 
the nerve head. 

Sudan Black.—These sections showed the 
same sudanophilia, but more strikingly, as 
Sudan IV. Especially well seen was _ the 
sudanophilia of the cells in the inner portion 
of the bipolar-cell layer, in addition to that 
of the ganglion-cell layer. 

Periodic Acid-Schiff. Reaction.—Of all 
the stains, that with the P. A. S. technique 
yielded particularly striking features 
3). The ganglion-cell layer about the 
fovea and the inner portion of the bipolar 
layer even at some distance from the fovea 
stained a dark red. In the ganglion-cell layer 
the material within the cells and outside of 
the cells stained darkly resulting in a lamina 
of dark red material beneath the internal 
limiting membrane. That in the inner por- 
tion of the bipolar-cell layer was within cells 
and involved approximately every third cell 
in the 


these 


innermost margin. It thus 
commoner than would be expected if it 
depended on amacrine cells. These cells 
appeared to be typical ganglion cells. This 
stainability was not diminished by prior 
incubation with saliva or with hyaluronidase. 
Nor was it affected by soaking the sections 
in acetone for as long as one hour. It was, 
however, slowly abolished by soaking in 
100% ethyl alcohol (ethanol) and promptly 
abolished — by 


immersion in chloroform- 


methanol. 
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Normally ganglion cells take only a faint 
stain with the periodic acid-Schiff technique, 
but in the cases of metachromatic leukoen- 
cephalopathy the large ganglion cells away 
from the fovea showed a definite stain 
(although not so intense as in the foveal 
ganglion cells in the present case). 

The optic nerve showed only a faint 
coloration in contrast to the deep red which 
is normal for myelin. 

Cresyl Violet—The ganglion cells about 
the fovea and the inner portion of the 
bipolar-cell layer showed a striking meta- 
chromasia so long as the staining had been 
sufficiently intense (Fig. 4). With lighter 
staining the metachromasia was most marked 
in the extracellular substance and in dis- 
integrating ganglion and_ bipolar cells 
(Fig. 5). The staining of the most nearly 
normal ganglion cells was with the light 
cresyl violet stain a pale blue. In other 
words, it appeared that the substance be- 
came metachromatic as the cells died or as 
the substance became extracellular. 

Between the connective tissue bundles the 
optic nerve showed a metachromasia which, 
although less intense than normal, was 
nevertheless definite. (The normal meta- 
chromasia of the ciliary nerves in_ these 
sections served as a standard for compari- 
son. ) 

Nile Blue.—The ganglion-cell layer about 
the fovea showed a faint take but not more 
than normal. There was no rose-color stain- 
ing except by the extrabulbar fat. 
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Baker’s Chromate-Hematein Stain.—The 
ganglion cells about the fovea showed a mild 
but nonetheless definite blackening (Fig. 6). 
This appeared to involve both the intracel- 
lular and extracellular components. The 
ganglion-cell layer of the normal eyes showed 
no stain with Baker’s method. The optic 
nerve of the present case showed no take 
with the chromate-hematein stain, whereas 
the normal eyes showed a dense stain 
(Figs. 9 and 10). 

Paragon Stain.—Paragon stain was used 
on the flat sections of the retina. An in- 
tensely red color was produced in the sub- 
stance of the ganglion-cell layer about the 
fovea and in the large cells of the bipolar- 
cell layer (Fig. 7). No such staining 
occurred in the normal control, and no 
other stain yielded such an effective dif- 
ferentiation of the abnormal substance in 
the retina in this case. 

Birefringence.—Observations on the bire- 
fringent material in the retina was especially 
noteworthy, since it was a striking feature 
and, to our knowledge, has not previously 
been studied in the retina with this disease. 
The observations were made with a Zeiss 
microscope, with use of Polaroids on sections 
mounted in Paragon Mounting Media. 

There appeared to be three types of 
birefringence which for purposes of con- 
venience we shall describe under the head- 
ings of (1) macular birefringence, (2) 
reticular birefringence, and (3) artifact 
lipid crystals. They were seen in unstained 


Photomicrographs are cross sections of inner pm of retina in the parafoveolar regions 


of the macula. 
Fig. 1—Hematoxylin and eosin stain. 


Microscopic magnification was X 1 


Most of ya ganglion cells have disappeared, leaving 


an eosinophilic residue which has caused no evident tissue reaction. 


Fig. 2.—Sudan and hematoxylin stain, 
retina is weakly but definitely sudanophilic. 


The material present in the inner layers of the 


Fig. 3.—Stained according to the periodic acid-Schiff procedure. Noteworthy is the dense 
stain of the inner layer of the retina and, to less extent, of the inner portion of the bipolar-cell 


layer. 
Fig. 4—Cresyl violet stain. 


Marked metachromasia of the inner layers of the retina. 


Fig. 5.—Less intense stain with cresyl violet, showing preferential metachromasia of the 
extracellular components of the inner retinal layer. 


Fig. 6—Chromate-hematein stain of Baker, showing a positive take by the innermost layers 


of the retina. 


Fig. 7.—Paragon stain. Abnormal cells in bipolar layer showing granular and vividly red 


cytoplasm. 
Fig. 8. 
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—Photograph taken between partially closed Polaroids, 
birefringence of the substance in the innermost layers of the retina. 


showing the conspicuous 
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sections and in sections stained with cresyl 
violet and Nile blue. These stains did not 
involve the use of organic solvents. 

1. Macular Birefringence: This was 
found most markedly in the inner portion 
of the ganglion-cell layer about the fovea 
abutting against the internal limbal mem- 
brane (Fig. 8). It had a characteristic 
granular configuration with an occasional 
Maltese cross. It was relatively brilliant, 


Fig. 10.— Comparable 
photograph of a normal 
optic nerve to show the 
birefringence which is 
normally produced by 
myelinated fibers. 
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Fig. 9. — Longitudinal 
section of optic nerve at 
its entrance into the eye. 
Photograph with 
crossed Polaroids to show 
normal 


taken 


birefringence of 
collagenous framework 
but absence of the bire- 
fringence which is nor- 
mally produced by myelin. 


and, although white in unstained sections, 
it had a sky-blue color in sections lightly 
stained with cresyl violet. When viewed 
with partially crossed Polaroids in sections 
stained with basophilic dyes, it appeared to 
be chiefly extracellular. Intact ganglion cells 
showed relatively little birefringent material, 
and the impression was inescapable that the 
substance, originally found in the ganglion 
cells, became progressively birefringent with 
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disintegration of the cells, Nothing similar 
to this was found in the normal eyes or in 
the eyes from cases with metachromatic 
leukoencephalopathy or spongy degeneration 
of the brain, 

2. Reticular Birefringence: Reticular bire- 
fringence is so called because it was found 
in the reticular layers of the retina between 
the nuclear layers throughout the retina. It 
is best observed on the nasal side of the disc, 
away from the macular birefringence. It is 
a smudge type of birefringence, without 
definite form, and is present to some extent 
in normal eyes. The reason for emphasizing 
it here is that it was considerably more 
marked in the present case than in any of the 
other eyes examined, but whether or not 
it has significance must await comparable 
observations in other cases of Tay-Sachs 
disease. 

3. Artifact Lipid Crystals: These were 
present to a slight extent in this case as 
in many post-mortem eyes. They have no 
particular significance for the present case 
and are not described here further. 


The optic nerve of the present case showed 
none of the granular birefringence which 
is normal for myelinated structures (I'igs. 
9 and 10). This was readily evident in 
frozen undehydrated sections and thereby 
provided a quick and easy method for the 
detection of optic atrophy. The linear 
birefringence of the collagenous framework, 
however, was preserved and possibly in- 
creased. 

Baker's Chromate-Hematein Method.— 
This was negative for the optic nerve, while 
being strongly positive for the myelin of the 
ciliary nerves in the present case and for 
the optic nerve of control cases (Figs. 11 
and 12). 

Cross sections of the optic nerve showed 
the following: 

Hematoxylin and Eosin—The only ab- 
normality noted was a two- to threefold 
increase in the cellularity of the interseptal 
areas, interpreted as gliosis, and possibly 
some increase in bulk of the septa. Except 
for these changes, the nerve appeared sur- 
prisingly normal. 


Fig. 11.—Baker’s chro- 
mate-hematein stain of 
the optic nerve of the 
present case. There is 
no take by the 
nerve. 


optic 
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Fig. 12. — Comparable 
stain of a normal optic 
nerve. Myelinated struc- 
tures show a 
positive take. 


strongly 


Periodic Acid-Schiff Reaction.—The same 
changes were noted as found with hema- 
toxylin and eosin. 

Cajal.—No nerve filaments were demon- 
strated. 

Davenport (Neurofibrillar Stain).-There 
were a few but greatly diminished number 
of neurofibrillae present. 

Spielme yer. 
lin. 

Holzer. 

Chloroform 


This was negative for mye- 


Mild gliosis. 
Methanol 


the 


Solubility. 
foreign 


The 
substance in 
acetone and its slow solubility in alcohol 


insolubility of 


and rapid solubility in chloroform-methanol 
has already been noted in connection with 
the periodic acid-Schiff reaction. An easier 
test for presumptive solubility is the effect 
on the birefringent crystals with immer- 
sion in various solvents for different pe- 
riods of time. By this means the substance 
was found to be insoluble in acetone, 0.1 N 
hydrochloric acid, and 0.1. N sodium hy- 
droxide. On the other hand, it was slowly 
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soluble in 100% alcohol and rapidly soluble 
in chloroform-methanol. 


Comment 


The foregoing findings confirm the ob 
servation of others on the sudanophilia of 
the parafoveal ganglion cells in this dis 
and on the involvement of cells 
in the inner aspects of the bipolar-cell layer.* 
Moreover, the finding that the abnormal 
substance stains with the periodic acid-Schiff 
method and with Baker's chromatin-hema- 
tein. method and is metachromatic is com 
patible with its being a glycolipid (possibly 
a phosphatide) with available acid groups 
as has been demonstrated by chemical analy 
sis of the brain in cases of the Tay-Sachs 
form of amaurotic idiocy.2" Its insolubility 
in acetone but solubility in other organic 
solvents is also compatible with such an 
identification, As has been suggested in the 
case of the retina * and of the brain,®!* the 
fact that this substance acquires the same 
tinctorial properties as myelin suggests an 
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anomalous process of myelin formation in 
cells that do not form myelin normally. 


Aside from demonstrating a histochemical 
similarity of the substance in the retina 
with that which has been demonstrated 
chemically in the brain, the present case 
illustrates several features which have not 
been emphasized previously. First, the 
metachromasia occurs chiefly with disinte- 
gration of the cells. It is as though the acid 
groups of the polysaccharide became un- 
bound as the cells died and thereby became 
sufficiently reactive to induce the meta- 
Secondly, the abnormal sub- 
stance in association with the ganglion-cell 
layer is strongly birefringent and may be 
readily visualized in the unstained state or 
when lightly stained with cresyl violet. It 
appears to arise in the ganglion cells but 
becomes deposited extracellularly. Neverthe- 
less, even when extracellular, the substance 
gives rise to no phagocytosis or other tissue 
reaction. 


chromasia. 


The extensive involvement of cells in the 
inner portion of the bipolar-cell layer and of 
cells in the inner reticular layer was surpris- 
ing to us, although it has been mentioned in 
previous publications. It would appear, 
however, from a casual study of normal 
infants’ eyes that ganglion cells are much 
more abundant in these sites than is the 
case with adult eyes. This, if true, would 
account for the involvement of these areas. 


Summary and Conclusions 


The retina from a case of Tay-Sachs 
disease was studied with a variety of stains 
in an attempt to characterize the abnormal 
substance in the inner layers of the retina. 
Several eyes which were either normal or 
affected by some pathologic process other 
than that of Tay-Sachs disease were 
similarly stained and used for comparison. 
The following observations were considered 
noteworthy : 

1. The abnormal substance in the retina 
is most conspicuous in the ganglion-cell 
layer but is also present to some extent in 
the inner portion of the bipolar-cell layer 
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and the inner reticular layer. This is pos- 
sibly attributable to the fact that ganglion 
cells are normally found in these sites, as 
well as in the ganglion-cell layer, in the 
infant’s eye. 

2. Arising apparently within the cells, the 
foreign substance eventually becomes largely 
extracellular, but, even so, it gives rise to 
no appreciable phagocytosis or other tissue 
reaction. 

3. In accordance with current histochemi- 
cal interpretations the substance fulfills the 
criteria for lipid (sudanophilia and solu- 
bility in organic solvents), vicinal groups 
(periodic acid-Schiff), and available acid 
groups (metachromasia). More specifically 
it is crystalline (birefringent) and gives the 
staining and solubility properties of being 
or containing a phospholipid (Baker’s stain 
and acetone insolubility). The fact that the 
metachromasia becomes especially evident as 
the substance becomes extracellular suggests 
that the death of the cell is accompanied by 
release of the acid bonds. 

4. The presence or absence of myelin 
birefringence in frozen undehydrated sec- 
tions is presented as an easy way to detect 
optic atrophy. 

243 Charles St. (14). 


Addendum 


Since this paper was submitted for publi- 
cation, two papers have appeared reporting 
the histopathology of Tay-Sachs disease.'*:'4 
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The Effect of Extraocular Muscle Contraction 


on the Elasticity of the Eye 


FRANK J. MACRI, Ph.D.; THEODOR WANKO, M.D., and PATRICIA A. GRIMES, B.A., Bethesda, Md. 


In previously reported work, an expres- 
sion of the elastic properties of the adult 
human eye by means of the equation, FE 
AP (AP=pres- 

Al 
sure change, Al’=volume change),’ was 
proposed. When pressure change is deter- 
mined per unit of time, the value of F for 
the mean of the pressure during this period 
can be obtained from prepared tables. With 
two of the variables known, i. e., E and AP 


(coefficient of stretch) 


in the equation E= rea 
(AV) can be readily calculated. The ap- 
plicability of this procedure for outflow 
measurements in the living eye awaits con- 
firmation of the values of E. 


the volume change 


It was felt that a study of the influence 
of some extraocular factors might promote 
a better understanding of the problem. The 
experiments of the present work deal with 
the effect of external pressure on the elastic 
properties of the cat eye. The Influence of 
various states of contraction of the extra- 
ocular muscles and that of diffusely exerted 
outside pressure on the globe were examined. 

The relationship between AP and Al 
was studied in cats under three experimental 
conditions: first, before and after spastic 
of muscles — by 
decamethonium ; second, before and during 
intracerebral electric stimulation of the third 


contraction extraocular 


nerve, and finally, before and during rigor 
mortis. In addition, in one human eye the 
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effect of rigor mortis on AP/AV was 
determined. 


Methods 


Young adult cats (1.8-2.5 kg.) were 
anesthetized with either pentobarbital sodium 
(35 mg. per kilogram, intraperitoneally) or 
chloralose (20 mg. per cubic centimeter 
of 70% ethyl alcohol, 2.0 cc. per kilogram, 
intraperitoneally). For post-mortem deter- 
minations the cats were killed by an overdose 
of pentobarbital sodium. 

tracheal 
artificial 


was inserted for 
respiration, when required; the 
cannulated left femoral artery served for 
the continuous registration of the systemic 
blood pressure. 


cannula 


Drugs and supplemental 
anesthetic were administered through a can- 
nula in the left femoral vein. 
pressure were measured by a 
Statham Model P23BB, and 
changes of the systemic blood pressure by 
means of a 


Intraocular 
changes 
Transducer, 


Electromanometer. 
Both functions were simultaneously recorded 
on four-channel 


Sanborn 
Sanborn Polygraph. 
Volume variations in the eye were induced 
by infusing fluid into the anterior chamber 
with the aid of a calibrated syringe 
microburet. The details of this method have 
been previously described.* 

In four experiments, the pressure changes, 
produced by infusion of small fixed volumes 
of 0.9% 
the were determined 
before the administration of decamethonium 
and after this agent, in a dose of 0.1 mg. 
per kilogram, had caused the extraocular 
striate muscle to contract. From one of 
these animals the experimental eye was 
removed at a time when the action of the 


solution of sodium chloride into 
anterior chamber, 
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compound was still obvious, in order to 
repeat the elasticity determinations on the 
isolated globe. 

The third nerve tract was electrically 
stimulated in four instances, with the cat 
fixed in a stereotaxic apparatus. The tip- 
to-tip distance of the bipolar electrodes 
measured 1 mm. For the location of the 
third nerve in the midbrain, use was made 
of the coordinates given in the atlas of 
Jasper and Ajmone-Marsan.* The respon- 
sive area was stimulated at a frequency of 
60 cps, with a stimulus strength of 4 volts 
and a pulse duration of 2 milliseconds. The 
proper site of stimulation was indicated by 
sudden adduction and/or elevation of the 
globe, together with pupillary constriction 
on the ipsilateral side. Elasticity was 
determined before and during the electrically 
induced eye muscle contraction. 

Measurements were obtained from four 
eyes of three cats four hours after death, 
when the animals showed signs of rigor 
mortis. The determinations were made first 
in situ and subsequently on the enucleated 
globes. Data obtained on one human eye 
in situ 30 minntes after death were com- 
pared with similar measurements carried 
out on another human eye after rigor mortis 
had developed. 

The effect of diffuse external pressure 
exerted on the scleral coat was studied in 
four cat eyes by the following technique: 
The thumb finger of an autopsy glove served 
as a compartment to enclose the eye after 
a circular hole was cut at the tip of the 
finger. The edge of this hole fitted snugly 
against the limbus so that the whole cornea 
was exposed in the aperture. The rubber 
chamber was then filled with 0.9% solution 
of sodium chloride, and the palmar end of 
the finger was closed securely with a string. 
At some distance from the eye a hypodermic 
needle, connected with a saline reservoir, 
the 
By elevation of the reservoir, the pressure 
the could be 
varied at will. Two No. 27 gauge needles 
were then inserted into the anterior chamber 


was introduced into rubber chamber. 


exerted on scleral surface 
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of the eye in order to infuse small quantities 
of fluid and to record the eye pressure. The 
elasticity of the eye was determined with 
pressures in the rubber 
0 and at 18 to 22 mm. Hg. 


chamber set at 


Results 

Effect of Decamethonium Br*.—\igure 
14 illustrates the relation of AP (P2—P1) 
to AV’ of the cat eye measured before the 
administration of decamethonium bromide 
and when two doses of the compound (0.1 
mg. per kilogram) had effected the maximal 
rise of the intraocular pressure. Also shown 
in this Figure is the response pattern of this 
eye immediately after enucleation. It  re- 
sembles closely the type of reactions observed 
in three other experiments of this series. 
The elastic behavior of the eyes obtained 
prior to the injection of the pharmacological 
agent was similar to that previously re- 
ported.* With infusions of constant volumes 
of fluid AP progressively increased as the 
intraocular pressure rose. Above an eye 
pressure level of approximately 30-35 mm. 
Hg. AP became essentially constant. 

The effect of the intravenous injection of 
0.1 mg. per kilogram of decamethonium 
bromide on the elasticity was determined 
within one minute after its administration, 
while the animal was being given artificial 
respiration. The contraction of the extra- 
ocular muscles and the concomitant intra- 
ocular pressure rise (Vig. 2) 
generally, longer than 20 minutes, The 
responses of the the infusion of 
5 or 10 cu. mm. of fluid consisted of changes 
in AP smaller than those obtained before 
the injection of decamethonium bromide, 
becoming progressively larger as the intra 
ocular pressure was increased. The control 
and experimental curves of AP/AI” for 
each eye could be superimposed, with good 
fit, by a shift of the absolute pressure scale 
(lig. 1B). One of the five eyes of this 
group was enucleated while the effects of 
decamethonium bromide were still evident, 
as indicated by the elevated pressure in the 
contralateral eye. The elasticity was deter- 


lasted, 


eye to 
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mined immediately after removal of the eye 
to ascertain whether decamethonium bromide 
had exerted some effect on the eye other 
than that mediated by the contraction of the 
extraocular muscles. The resulting curve 
of AP/AV appears to be identical with the 
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tracings obtained prior to drug administra- 
tion. 

Effect of Extraocular Striate Muscle Ac- 
tion Induced by Third Nerve Stimulation.— 
AP/AV was measured in the four eyes of 
this series before and during intracranial 
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Fig. 1.—Effect of muscular contraction on the relationship of intraocular pressure to volume 
increment, On the left are plots of volume changes (Al) versus absolute intraocular pressures 
(IOP). On the right, shifts of the absolute pressure scale, as indicated in the ordinates, permit 
the curves to be superimposed with a reasonably good fit. 4 and B, muscular contraction induced 
by decamethonium Br*. C and D, muscular contraction induced by third nerve stimulation. 
FE and F, muscular contraction during rigor mortis. 
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stimulation of the ocular motor nerve. Nerve 
stimulation resulted in an increase of 
intraocular pressure (lig. 3). A decrease 
of AP was noted when comparisons were 
made with values determined before nerve 
stimulation at similar pressure levels 
(Fig. 1C). As the intraocular tension in- 
creased, AP became progressively greater. 
At pressures above 45-55 mm. Hg, AP 
remained fairly constant. The curves of 
AP/AV for each eye, obtained before and 
during stimulation, could be easily super- 
imposed with a good fit by shifting the 
absolute eye-pressure scale (Fig. 1/7). 

Fig. 2—Effect of decamethonium Br* on the 
intraocular pressure. The intravenous administra- 
tion of decamethonium Br* produces a rise of both 
eye pressures (O. S. and O. D.). No effect is 


seen on the blood pressure. Time: 10 seconds 
between heavy vertical bars. 


MIM. Hg 


OD 


OS, 


Blood 
Pressure 


C-10 
0.1 mg-/kg: 


Macri et al. 


mi Hg 


Blood 
Pressure 


Fig. 3.—Effect of third nerve stimulation on the 
intraocular pressure. Intracranial stimulation of 
the third nerve produces movements of the eye 
and an elevation of eye pressure (upper tracing). 
No effect is seen on the blood pressure. Time: 10 
seconds between heavy vertical bars. 

I:ffect of E:xtraocular Striate Muscles in 
Rigor Mortis.-\In this series of experi- 
ments, the contraction of extraocular striate 
muscles caused by rigor mortis produced 
changes which deviated from the elasticity 
patterns of controls in a manner similar 
to the changes which followed injection of 
decamethonium and which occurred during 
the third nerve stimulation, as shown in 
‘igure 1/:. In these cats, the patterns were 
determined in-situ: before the animal was 
killed and four hours post mortem; the 
procedure was repeated immediately after 
the eyes were enucleated. As in the pre- 
ceding series, the curves obtained before 
and during muscle contraction caused by 
rigor mortis and 


those obtained after 


enucleation were superimposable with good 
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fit (Fig. 1f). One eye of a 7-year-old 
patient was examined in situ four hours 
after death, when signs of rigor mortis 
had developed. Enucleation was not per- 
mitted. The results were compared, there- 
fore, with those obtained from another 
human eye (age of patient, 23 years) which 
was studied in situ 30 minutes post mortem 
(lig. 44). Under this condition of com- 
parison, the eye tested four hours after 
death differed from the eye examined at 


the 30-minute interval to an extent almost 
identical to that observed in cat eyes. Again, 
the two elasticity curves could be super- 
imposed with a reasonably good fit, as 
illustrated in Fig. 4B. 

The Effect of Diffuse External Pressure. 

The compartmental pressure of approxi- 
mately 20 mm. Hg exerted on the scleral 
coat caused a change in the AP/AV rela- 
tionship when compared to the same eyes at 
0 mm. Hg pressure (Fig. 5). The change 
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was similar and in the same direction as 
that found with intact eyes under the in- 
fluence of muscle spasm. The two curves 
could be superimposed by a shift of the 
absolute pressure scale equivalent to the 
compartmental pressure. 


Comment 

The similarity of the results obtained 
by three experimental conditions, namely, 
intravenous injection of decamethonium, 
third nerve stimulation, and rigor mortis, 
strengthened the concept that no mechanism 
other than the muscle contraction produced 
the elasticity changes. 

The influence of decamethonium on the 
elasticity of the eye in situ was not observed 
when, after enucleation, the effect of 
muscular contraction was eliminated. Intra- 
cranial third nerve stimulation was followed 
by an immediate fast eye-pressure 
which was attributed to the 
tension of the responding oculomotor mus- 
cles. With the employed 
technique, no other 


rise, 
increase of 


experimental 
stimulation effect on 
either the elasticity or the intraocular pres- 
sure could be demonstrated. 

In rigor mortis, the 


increase of. striate 


muscle tension was also the cause of the 
80 
60- 
a 
oO 
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Compartment Pressure 
0.0 mm. Hg 
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Effect of diffusely exerted outside pressure on the elasticity of the eye. 


change of the elasticity pattern, This was 
confirmed by the abolition of this phe- 
nomenon in the enucleated eye. 


An increase of the muscle tension is the 
common factor in the induction of similar 
elasticity changes effected by three different 
procedures. It is concluded, therefore, that 
in the three experimental approaches, the 
muscular factor alone influenced the elastic 
behavior of the eyes. 

When the tension of the striate eye mus- 
cles was increased under each of the three 
conditions, the slopes of AP/AV were de- 
creased when compared with the responses 
in control eyes at similar intraocular-pres- 
sure levels. This relationship was limited to 
a pressure range below the point at which 
AP/AV became relatively constant under 
the influence of muscle spasm. Above this 
value the difference between the 
experimental and the control series disap- 
peared, 


pressure 


Two explanations for the observed effects 
of muscular contraction on the elasticity of 
the eye have been considered: 

1. Dimensional Change of the Lye.—The 
elasticity as measured in these experiments 


is dependent upon the degree of stretch 
60 
| 
cof 
a 20 
= 
| 
20r 
Compartment Pressure 
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4 —180 mm. Hg 
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pressure-volume increment relationship at compartment pressure of zero (circ les) and 18mm 


Hg (triangles). Right, 
ordinate scale for circles 


Macri et al. 


the two curves are superimposable by an 18 mm. 
absolute pressure scales as indicated at the ordinate. 


Hg shift of the 


Left ordinate, for triangles; right 


scale 
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and, consequently, upon the area of the 
corneal-scleral coat at the time of the deter- 
minations. With a minimal stretch on the 
eye, AP/AV would be small but would 
increase as the degree of distention became 
greater. In order to explain the decrease of 
the AP/AV relationship induced by muscu- 
lar contraction on this basis, it would be nec- 
essary to presume that the eye approaches 
the geometry of a perfect sphere. Under 
this condition, the eye would become more 
relaxed and the surface area decreased. 
Change of geometry in this manner, how- 
ever, would produce a fall of internal 
pressure; such an explanation is not com- 
patible with the experimental data. In all 
cases the contraction of the extrinsic eye 
muscles produced a_ rise of 
tension. 

2. Diffusely Exerted Outside Pressure.— 
If the elevations of intraocular pressure 
were due to a diffuse outside force exerted 
on the eye by muscular contraction, the 
concomitant decrease of the elasticity be- 
comes explainable. The contents of the eye 
can be considered essentially as being in- 
compressible. When an outside force is 
exerted on the coats, no appreciable decrease 
of volume would be anticipated and thus 
the area would remain unchanged ; however, 
the intraocular pressure would become 
elevated. With volume and area constant, 
no additional stretch would be exerted. Thus 
it may be postulated that the intraocular 
pressure could be raised by an outside force 
and still retain the elastic constants found 
for that eye before the pressure was affected. 
This reasoning is supported by the experi- 
mental data. The elasticity curves (A.P/AV) 
reflecting the influence of muscle spasm 
changed as the intraocular pressure was 
increased in a manner similar to that ob- 
tained for the appropriate controls. They 
differed only in their absolute pressure 
values. The elasticity curves obtained with- 
out and during muscular contraction could 
be easily superimposed by a shift of the 
absolute pressure scale. The difference of 
the absolute pressure scales was found to 
be equal to the initial elevation of intraocular 
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intraocular 


pressure produced by the muscle-contracting 
stimulus. That this interpretation is valid 
was demonstrated by studies on enucleated 
eyes. A rubber compartment was con- 
structed so that an eye could be placed within 
it with the cornea exposed to the atmosphere 
in order to approximate as closely as pos- 
sible the experimental conditions. An eleva- 
tion of the compartment pressure of 
approximately 20 mm. Hg. caused an 
identical increase of the intraocular pressure. 
The elasticity determinations performed at 
0 and increased compartment pressures were 
found to be identical if a value equivalent 
to the compartment pressure was subtracted 
from the absolute pressure of the determina- 
tion made at the elevated level. 


Summary and Conclusions 

An increase of extraocular muscle tension 
produces an elevation of intraocular pressure 
and a change in the elasticity of the globe. 
When the elasticity of the eye is compared, 
on an absolute intraocular pressure basis, 
before and after muscle spasm, a definite 
change of this factor is noted. It is 
represented by an increase of distensibility 
of the eye after the extraocular striate 
muscles have contracted. However, if a 
correction is made by subtracting the intra- 
ocular pressure rise from the absolute 
intraocular pressure, as effected by muscular 
contraction, then the elasticity of the eye 
before and after the increase of 
tension becomes the same. 


muscle 
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Incision and Closure in Cataract Extraction 


HAROLD G. SCHEIE, M.D., Philadelphia 


I consider it a great honor to have been 
invited to give the Charles H. May Me- 
morial Lecture. Dr. May was an accom- 
plished ophthalmologist, teacher, and writer. 
Although I did not know him personally, I 
have a feeling of close acquaintance because 
of his widely known textbook. This book 
served as my introduction to ophthalmology 
and helped to create an interest which even- 
tually led to my choice of ophthalmology 
as a Career. 


The invitation to give this lecture included 
a request to speak upon some phase of 
cataract extraction. I have chosen to dis- 
cuss methods of incision and wound closure. 
These topics are two of the most important 
phases of cataract operation, and, although 
it has been over 200 years since Daviel first 
removed a lens, methods of making and 
closing the incision still are widely debated. 
I became extremely interested in methods 
of wound closure early in my residency, 
and, as a result of this interest, I have 
collected most of the literature on the sub- 
ject. I have also had illustrations made of 
many of these closures, some of which will 
be shown tonight. 

In this presentation certain basic types 
of wound closure will be discussed and an 
attempt will be made to evaluate each from 
the standpoint of the ideal, which, I might 
add, has not yet been described. Advan- 
tageous features of each will be indicated. 
Finally, I will describe briefly my own 
current technique and accredit the source 
from which this or that maneuver was de- 
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rived, because my present method represents 
an attempt to utilize, in a practical way, as 
many as possible of the favorable features 
of previously described methods of wound 
closure. My present wound closure tech- 
nique, therefore, is a composite of many 
persons’ ideas. The incision may be some- 
what original. 


Review of Standard Techniques 
of Wound Closure 

This presentation is not meant to be a 
complete review, and for this reason the 
reader is referred to the excellent article 
by Roper.'| Numerous articles on wound 
closure continue to appear in the literature, 
but certain very basic principles are in- 
volved. Wound closure can be classified 
according to the tissues approximated: (1) 
conjunctival, (2) corneal, (3) corneoscleral, 
(4) scleral, and (5) scleroconjunctival. 

I. Conjunctival Wound Closures.—The 
first attempt at wound closure was that of 
Desmarres,? who in 1858 employed a con- 
junctival bridge which was allowed to re- 
main uncut as knife 


upward Numerous 


the was brought 
(Fig. 1). types of 
conjunctival bridges were subsequently de- 
scribed, but none have been truly satisfac- 
tory. This also is true of all closures based 
upon conjunctival sutures. These methods 
include leaving a small conjunctival flap 
attached to the corneal flap while making 
the section, the Kuhnt flap (Fig. 1),3 and 
the Van Lint flap (Fig. 1)4 

Evaluation of Conjunctival Closures: 
McLean (1940),° in his classic article on 
wound closure, established certain important 
criteria by which the adequacy of wound 
closure can be judged. He stated that ideal 
sutures for cataract extraction must (1) 
provide firm closure; (2) be placed prior 
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Fig. 1. — Conjunctival 


closures 


to section; (3) be inserted through, not 
over, the lips of the incision; (4) furnish 
a conjunctival flap to cover the incision, and 
(5) not be too complicated. 

These criteria should be graded according 
to their importance to permit accurate eval- 
uation of any single wound closure. Rated 
equally and of first importance should be 
firm closure and the placement of sutures 
through and not over the lips of the incision 
for purposes of good apposition. Next in 
order is an adequate conjunctival flap to 
reinforce and cover the incision. A con- 
junctival flap helps to prevent epithelial 
downgrowth, lowers the incidence of in- 
carceration of the iris, and helps to prevent 
infection. 
prior to the section is of somewhat second- 


Placement of protective sutures 


ary importance today because of our excel- 
lent effective techniques for 
obtaining almost uniform facial blocks, and 
excellent preoperative medication in the 
form of sedatives and tranquilizers. Pre- 
placement, however, does lead theoretically 
to greater accuracy of wound closure. With 


anesthesia, 
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DESMARRES 
1858 


VANLINT 
1911 


present-day needles and suture materials 
the matter of a wound closure being too 
complicated is relatively unimportant. While 
it is true that some methods are technically 
more difficult and time-consuming than 
others, none of the methods thus far devised 
are too difficult for routine use by the aver- 
age operator. The wound closure consid- 
ered best by each individual ophthalmic 
surgeon should be employed, even though 
a few minutes might be required to complete 
the operation. 

The various types of conjunctival closure 
fail to satisfy the two most important cri- 
teria listed by McLean, because they pro- 
vide neither firm closure nor the good 
apposition that sutures through the lips of 
the incision can give. They are simple to 
use; some give an adequate conjunctival 
flap, and they can be placed prior to the 
section. 

IT. Corneal Sutures.—1. Williams (1865). 
The first firm wound closure described in 
the literature was the corneal suture devised 
by Williams (Fig. 2).6 It was a single 
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Fig. 2.—Corneal closures. 


suture placed superficially through the cut 
edges of a corneal incision. Incisions at 
that time could be small and were usually 
corneal because the extracapsular technique 
was in vogue. Williams’ method became 
popular, and the principle continues to be 
in wide use today. 

2. Mendoza (1888). Suarez de Men- 
doza* introduced the principle of the pre- 
placed suture (Fig. 2). He prepared a 
corneal gutter by incising partially through 
the thickness of the cornea without entering 
the anterior chamber. He then placed a 
suture through the cut edges and across the 
gutter, pulled the suture up to form a loop, 
and made a corneal between the 


arms of the loop. This principle has been 


incision 


used with many variations and forms the 


basis for many wound closure 


employed today. 


types of 


Scheie 


3. Kalt (1894). 
suture (lig. 2). 


Kalt * devised a bridge 
A bite was taken in the 
cornea about 1 mm. within and perpendicu- 
lar to the limbus at the 12 o'clock position. 
The suture then was introduced in a similar 
way through the sclera directly above the 
limbus. In 1910 he modified his suture by 
placing the scleral bite horizontally. Al 
though one arm of the suture is placed in 
cornea and one in sclera, the method was 
originally introduced to close a corneal sec 
tion and, therefore, was truly a_ corneal 
suture. This method continues to be used 
by many ophthalmic surgeons. 


4. Mueller (1903). 


a corneal flap by dissecting a superficial 


Mueller ® prepared 


layer of the cornea upward toward the 
limbus (Fig. 2). 


through the cut edges, and the section was 


Sutures were placed 
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made beneath the corneal flap. The method 
has never become widely popular. 
Evaluation of Corneal Sutures: When 
these basic corneal sutures are evaluated 
by the criteria of McLean, it is found that 
all give firm wound closure, which is a great 
advantage over the conjunctival closures. 
The Mendoza and Mueller sutures were pre- 
placed and passed through the cut edges of 
the wound. As a result, they gave near- 
perfect apposition. The Williams suture, 
which was postplaced, less-perfect 
apposition. The Kalt method gave the poor- 
est apposition, because it was a bridge-type 
suture, the arms passing 
through the incision. 
place, 


and not 
All were simple to 
but the Mueller closure, 
dissection of a corneal flap, 
difficult. The 
and safest. 


over 


because of 
was the most 
Kalt method was the easiest 
All of these closures failed to 


“WEEKS “1942 


WILLIAMS. 
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provide a conjunctival flap. Corneal clo- 
sures are of great importance because they 
established most of the basic principles 
which are observed in the best present-day 
wound closures: (1) firm closure, (2) su- 
tures through the lips of the incision, and 
(3) preplacement of sutures. 

When corneal closures are evaluated by 
the criteria of McLean, it is found that all 
give firm wound closures. 


III. Corneoscleral Sutures——The_ prob- 
lem of wound closure became even more 
urgent with the introduction of the intra- 
capsular extraction and its popularization 
since the beginning of the century. This 
technique necessitated a larger opening for 
delivery of the intact lens, which, in turn, 
led to an increase of wound complications 
and a higher incidence of vitreous loss. The 
large incision was accomplished by making 


_ WEEKS. _ 1942 


Fig. 3.—Corneoscleral closures. 
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a full half-section and by placing the section 
at the limbus rather than within the cornea. 
Numerous techniques for closure of the 
corneoscleral incision were devised, but most 
of them embody modifications and_refine- 
ments of the principles established by 
Williams or Mendoza. One of the most 
widely used modifications was the addition 
of a conjunctival flap. 

1. Williams (1865). The Williams ® type 
of suture, placed through the lips of a 
corneoscleral incision, has been among the 
most popular of all wound closures and is 
still used by a large number of ophthalmic 
surgeons (Fig. 3). It gave firm apposition 
and had the virtue of simplicity. This is 
particularly true today, with superb needles 
now available that can be inserted with rela- 
tive safety even after completion of the 
incision. 


2. Weeks (1942). Weeks ' modified the 
Williams suture to overcome, at least par- 
tially, the objection that it was not pre- 
placed (Fig. 3). He made an incomplete 
section with a Graefe knife, leaving an 
uncut bridge of corneoscleral tissue supe- 
riorly, Sutures were then placed near the 
upper extremities of the incision, nasally 
and temporally, adjacent to the uncut bridge. 
The sutures being near the ends of the in- 
cision, fairly great accuracy was assured in 
placing them. 
with a scissors. 

3. Kalt (1894). When the section was 
moved back to the limbus, the Kalt ® suture 
became corneoscleral (lig. 4). In 1910 Kalt 
modified his suture by placing the scleral 
bite horizontally. His method is still used 
by many surgeons, but it has undergone 
further modifications. 


The section was completed 


Steven- 


Ziegler," 


Fig. 4-—Corneoscleral closures. 
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son,’* Liegard,’* and Stallard * placed the 
suture horizontally through both the cornea 
and the sclera. Some operators use more 
than suture. Olmos’ and Ruede- 
mann '® have used a continuous bridge su- 
ture (Fig. 4). 

4. Leech-Sugar 


one 


(1939). Leech and 
Sugar '? modified the Kalt suture by pre- 
paring fornix-based conjunctival flap 
(Fig. 4). Both arms of the Kalt suture 
were passed through the free edge of the 
conjunctival flap from the deep surface. 
When it was tied, the conjunctiva was 
pulled down over the incision. 

5. Verhoeff (1926). Verhoeff '* origi- 
nated an excellent track suture which has 
been adopted by many surgeons throughout 
the world (Fig. 5). The conjunctiva was 
incised superiorly at the and a 
One or 


limbus, 
fornix-based flap was prepared. 


more sutures were inserted across the lim- 
bus, entering within clear cornea and emerg- 
ing in sclera above. Each arm was cut to 
leave a few millimeters of suture protrud- 
ing. A limbal incision was made which 
divided the suture where it was imbedded 
within corneoscleral tissue, one being re- 
tained in the corneal flap and the other in 
the sclera to provide markers along which 
a suture was threaded to close the wound. 
Soth arms of this suture were passed 
through the conjunctival flap from its deep 
side to provide a cover for the incision when 
the suture was tied. Two other methods 
of inserting track sutures were described. 
One was done by staining the track with 
dye. The other was accomplished by insert- 
ing a suture vertically through the cornea, 
about 2 mm. below the limbus, emerging at 


the limbus. Both ends of the suture were 


Fig. 5.—Verhoeff corneoscleral closure. 
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Fig. 6—McLean corneoscleral closure. 


grasped, and with a sawing movement, using 
the suture much like a Gigli saw, the roof 
of the tunnel containing the suture was cut 
to prepare a groove. The upper end of the 
suture was then inserted at the upper end 
of the groove to emerge in sclera. A loop 
was allowed to remain through which the 
section was made. 

6. McLean (1940). McLean,® in his ex- 
cellent article on wound closure, described 
his technique for preplaced sutures which 
has become so popular today (Fig. 6). A 
limbal-based conjunctival flap pre- 
pared, and a groove was made at the limbus 
with a Lundsgaard knife. One or more 
sutures could be inserted. Mclean usually 
used two or three. The suture was inserted 
first through the base of the conjunctival 
flap. It was then reversed and passed 
across the groove from the scleral to the 
corneal side to emerge in clear cornea. The 
suture was grasped in the gutter, and loops 
were prepared through which the section 
was made. McLean’s technique admirably 
fulfills the criteria for an ideal closure. 
Approximation is accurate and firm. The 
conjunctival flap is ideal, because it com- 
pletely covers the corneoscleral incision and 
the cut edges are sutured well away from 
the corneoscleral incision. 

Evaluation of Corneoscleral Sutures: All 
corneoscleral sutures insure firmness of clo- 
sure. All techniques except the Williams 
suture utilizes preplaced sutures. Weeks 


Scheie 


partially overcame this objection to the 
Williams suture by making a partial incision 
and inserting the sutures in such a way 
that there could be little lateral overriding. 
Theoretically, apposition is best with pre- 
placed sutures of the Verhoeff and McLean 
types, although, practically, excellent appo- 
sition can be obtained using the partial 
section method of Weeks. Of the corneo- 
scleral sutures under discussion, the Kalt 
suture and the Leech-Sugar modification 
give the poorest apposition because the 
arms of the sutures ride over the lips of the 
wound rather than through the cut edges. 
The McLean suture has the best conjune- 
tival flap because it completely covers the 
incision and the cut edges of the conjunctiva 
are sutured well away from the corneo- 
scleral incision. The flap provided by the 
Verhoeff technique probably is not ideal 
because the cut edges of the conjunctiva 
are at or near the lips of the corneoscleral 
incision. With the Williams, Weeks, Kallt, 
and Leech-Sugar closures, the flaps are 
either absent or very inadequate. Making 
the section is somewhat difficult with the 
McLean closure because of the danger of 
cutting sutures which are placed across a 
relatively narrow gutter. The sutures, also, 
are somewhat cumbersome to pull down and 
tie in a hurry, should an emergency arise, 
because they may become entangled in the 
conjunctival flap. All corneoscleral sutures 
add some inconvenience to cataract extrac- 
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tion, but the advantages far outweigh the 
disadvantages. Of the group mentioned 
here, the Verhoeff and McLean wound clo- 
sures are the most satisfactory. 


IV’. Scleroconjunctival Sutures.—Three 
types of scleroconjunctival sutures have 
been described in the literature. 

1. Verhoeff (1916). Verhoeff!® de- 


scribed the first scleroconjunctival suture 
(Fig. 7). A small tongue-shaped flap of 
conjunctiva, about 5 mm, in length, was 
dissected to the limbus, and a double-armed 
suture was inserted through — superficial 
sclera exposed by the conjunctival flap, 
parallel with the limbus about 1 mm. from 
the limbus. The arms were then passed 
through the conjunctival flap from its deep 
surface. Derby,”° in 1923, modified the 
Verhoeff suture by passing the double- 


armed suture first through the conjunctival 


124/438 


A. 


M. A. ARCHIVES OF OPHTHALMOLOGY 


DERBY 


1923 


( FIED) 


CASTROVIEJO 


Fig. 7—Scleral conjunctival closures. 


flap and then through superficial sclera, 
perpendicular to the limbus, coming out 
through the cut edges of the bulbar con- 
junctiva superiorly (Fig. 7). The ends of 
the suture, placed in this manner, permitted 
very rapid closure of the wound, which 
could be accomplished by pulling on the 
free ends of the suture, since they were 
directed upward through sclera. Sutures 
which must be pulled through the corneal 
flap can cause dangerous gaping of the 
wound when rapid closure is essential. 

2. Castroviejo. Castroviejo*! has used a 
scleroconjunctival suture with limbus- 
based flap over the entire length of the 
incision (Fig. 7). He first turned a 3 mm. 
conjunctival flap toward the limbus. Three 
or more sutures were placed through the 
cut edge of the bulbar conjunctiva and 
superficial scleral tissue emerging just be- 
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hind the limbus. They were inserted per- 
pendicular to the limbus. When tied, they 
closed the conjunctival incision in addition 
to approximating the edges of the limbal 
incision. This closure possessed the virtue 
of simplicity. It offered fairly firm wound 
closure because the sutures united sclera and 
limbal tissue at the base of the conjunctival 
flap. They did not give way like conjunc- 
tival sutures placed in more pliable and 
elastic conjunctiva further away from the 
limbus. 

3. Daily and Daily (1946). 
Daily ** described a_ very 


Daily and 
similar suture, 
and at the same time I, not knowing of their 
work and believing that | was modifying 
the closure of Castroviejo, used an almost 
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identical method (lig. 8). The same type 
of limbus-based flap was performed, and 
a bite was taken through superficial sclera 
very close to and parallel with the limbus. 
The arms of the suture were then passed 
through the flap at its attachment to the 
limbus. These sutures, when tied down, 
theoretically gave more uniform closure than 
the Castroviejo type, which were perpen- 
dicular to the limbus. The conjunctival flap 
was closed with a continuous suture. Daily 
and Daily used one scleroconjunctival su- 
ture at 12 o'clock, while I used three. 
Evaluation of Scleroconjunctival Sutures : 
Scleroconjunctival sutures possess the virtue 
of simplicity. They are easily placed and 


the section is made with little difficulty 


Fig. 8.—Scheie-Daily scleral conjunctival closure. 
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because adequate space is provided. They 
can be preplaced and have an excellent con- 
junctival flap. However, there is no doubt 
that closure is not as firm or approximation 
as good as with corneoscleral or corneal 
sutures inserted through the cut edges of 
cornea and sclera. 

V. Scleral Closures.—Scleral closures all 
involve the preparation of a scleral flap 
beneath which a limbal section is made. 

1. Walker (1929). Walker ** dissected 
a 2 to 3 mm. scleral flap by inserting a 
keratome or a cataract knife with a guarded 
tip into the sclera superiorly in such a way 
as to split the sclera into clear cornea (lig. 
9). A single-arm suture was passed through 
the lips of the scleral incision as well as 
through the cut edges of the conjunctiva. 
He used a knot in the lower end of the 
suture so that the wound could be closed 


Fig. 9.—Scleral closures. 
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rapidly by pulling on the upper end of the 
suture. This idea was contributed by 
Frisch ** in 1922. 

2. Lindner (1938). Lindner *° described 
a scleral suture which utilized the Mendoza 
principle of making a gutter in the sclera 
beneath a limbus-based conjunctival flap 
just behind the limbus at 12 o'clock (Fig. 
9). The suture was placed in such a way 
that, when it was tied, it closed both the 
scleral and the conjunctival incisions. 

3. De Vaul (1942). De Vaul 7® incised 
the conjunctiva at the limbus to expose the 
sclera. A cataract knife was held flat on 
the sclera and inserted into the sclera super- 
ficially at approximately 10:30 o'clock to 
emerge at 12 o'clock to prepare a_ track. 
This was repeated from 12 o'clock to 1:30 
o'clock. The of the tunnels 


roofs were 


? 


{ DEVAUL 1942 
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Fig. 10.—Scleral closures. 


then divided by a scissors to provide scleral 
flaps. Sutures were inserted through the 
edges of the scleral flaps, and both ends 
passed through the cut edges of the con- 
junctival flap. When tied, the scleral flaps 
were closed and the conjunctival flap held 
in place. 

4. Hymes (1945). Hymes,?* in 1945, 
described a flap somewhat like that of 
Walker (Vig. 10). The conjunctiva was 
divided at the limbus, and the sclera was 
exposed, A 2 to 3 mm. scleral flap was dis- 
sected toward the cornea. A suture was 
inserted through the cut edges across the 
scleral incision to include the conjunctiva. 
When tied, accurate closure resulted, 

5. Scheie. 
flap dissected in an identical way to that 
of Hymes. 


At one time, I used a scleral 


The chief difference was the 
use of a double-arm mattress suture at 12 
o'clock to close the scleral incision (Tig. 10) 
and a Daily type of scleroconjunctival su- 
ture at 10:30 and at 1:30 o'clock for addi- 
tional support. The of the 
mattress suture were directed upward, as 
suggested by Derby. This permitted very 
rapid closure should necessity arise. 
Evaluation of Scleral Flap Closures: All 
scleral sutures give very firm wound closure. 
They preplaced 


free ends 


excellent 
One might, however, question 
the unwieldiness of a long scleral flap and 


are and give 


apposition. 


a possible tendency for the wound to gape, 


which might be permitted. All of these 


Scheie 


closures provide an excellent conjunctival 
flap, and all possess the virtue of simplicity. 
Section is particularly easy because of the 
broad space through which to make the 
incision. Scleral sutures cause less irritation 
postoperatively than corneoscleral sutures, 
because they are placed back of the limbus 
away from sensitive corneal tissue. 


Making the Incision 

Any discussion of wound closure must 
include a consideration of techniques of 
making the incision, because one subject is 
inseparable from the other. From the time 
of Daviel until the intracapsular extraction 
was introduced, the incision customarily was 
made in the cornea. A larger section was 
necessitated by the intracapsular method, 
and, as a result, the incision had to be moved 
to the limbus and had to be a half-section. 
With the incision located at the limbus, the 
use of limbus-based conjunctival and scleral 
flaps became possible. 

The usual incision is somewhat beveled. 
Atkinson ** has suggested making a corneal 
incision with an exaggerated bevel to obtain 
firmer approximation (Fig. 11). The de- 
gree of bevel greatly affects the size of the 
incision. When the bevel is increased, the 
inner corneal lip encroaches to a greater 
degree upon the wound aperture and may 
cause difficulty in delivery of the lens, be 
cause of the the size of the 
opening and the overhanging ledge which 


variation in 
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Fig. 11.—Corneal ledge with (7) normally beveled timbal incision, (2) more highly beveled 
corneal incision (after Atkinson), and (3) perpendicular corneal incision (after Atkinson). 


Fig. 12.-—Corneal ledges of identical 
size (a) with normally beveled limbal 
incision and (b) with perpendicular 
incision well within clear cornea. 
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results (Figs. 11 and 12). If the bevel is 
diminished and the incision approaches the 
perpendicular, the ledge is smaller and the 
aperture is larger. 

When the incision is completely perpen- 
dicular, cataract extraction is possible, even 
with incision placed well within clear cornea. 
The inner lip protrudes no more than with 
a moderately beveled limbal incision, and, 
as a result, the size of the aperture is not 
affected. I first used this type of incision 
for cataract extraction after filtering opera- 
tions for glaucoma,”* to avoid disturbing 


the filtering cicatrix. Experience showed 


that this technique was accompanied by very 
few wound complications and that it was 
safe to execute. Experience with kerato- 
plasty, where wound edges are also perpen- 
dicular, had shown that reformation of the 
anterior chamber and choroidal detachment 
is extremely rare. [:ncouraged by these 
observations, a technique with a perpendicu- 
lar incision was developed for routine cata- 
ract extraction. This incision now has been 
used in over 1,000 uncomplicated cataract 
extractions during the last five years in my 
private practice and in the clinic at the 
Hospital of the University of Pennsylvania. 


__ Fig. 13.—Mechanics of perpendicular wound closure; (a) and (b), less tendency to over- 
ride with perpendicular incision; (c), arrows indicate tendency of flat surfaces of incision to 


seal with postoperative edema of wound. 


Scheie 
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Perpendicular incisions are mentioned 
rarely in the literature. I have seen Castro- 
viejo*! make perpendicular incisions for 
routine cataract extractions. McCulloch *° 
has told me that he uses an incision which 
is partially perpendicular for extraction, 
and Barraquer *! has devised a special in- 
strument for making perpendicular incisions. 
Katzin and Peyton,** in their book on oph- 
thaimic surgery, mention the use of a per- 
pendicular incision. Theoretically, such an 
incision should prevent overriding of wound 
edges, because flat surfaces held in contact 
by sutures should press even more firmly 
together with onset of postoperative edema 
of the wound edges. This would probably 
also be true even between the sutures, if an 
adequate number are inserted (Fig. 13). 
Hyphemia should also be rare, because the 
incision is entirely within avascular corneal 
tissue, 

Numerous articles have appeared in the 
literature on the choice of instruments for 
making the incision. The standby of older 
the Graefe knife, 
which had supplemented knives of the Beer 
type. In recent years, use of the keratome 
and scissors has become a thoroughly ac- 


ophthalmologists was 


cepted technique. Arguments can and have 
been raised in favor of one method or the 
other, but it is generally concluded that 


excellent incisions can be made by either 
method, 


My Present Technique of Incision 
and Wound Closure 


My present technique represents a grad- 
ual transition from one type of wound clo- 
sure to another, adopting with each change 
any desirable features of previously used 
techniques. Scleroconjunctival closures were 
used and discarded. The next step was a 
scleral flap, retaining two scleroconjunctival 
sutures, one nasally and one temporally, as 
supporting sutures. A mattress suture was 
inserted in the scleral flap above. Although 
iris prolapse was extremely unusual, a 
rather large number of choroidal detach- 
ments accompanied the use of the scleral 
flap technique. It was thought that the long 
scleral flap might lead to bulging of the 
wound, and so the incision was moved up 
to the limbus, the scleral closure then be- 
coming corneoscleral (lig. 14). The sutur- 
ing technique was identical to that of the 
scleral flap. Later two postplaced McLean 
sutures were substituted for the sclerocon- 
junctival sutures and supported at each side, 
and eventually the technique about to be 
described was adopted. It includes a corneal 
incision, one McLean suture at each side, 
and a mattress suture superiorly, these 


Fig. 14.—Scheie corneoscleral closure (a) with mattress suture at 12 o'clock and sclerocon- 
junctival sutures at 10:30 and 1:30 o'clock; (b) two postplaced McLean type sutures substi- 
tuted for the supporting scleroconjunctival sutures. 
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latter converted by splitting each arm to two 
McLean sutures. 

Although the sutures are postplaced, ex- 
perience with this technique indicates that 
adequate accuracy is obtained. The perpen- 
dicular incision prevents overriding of the 
cornea, a contention which is supported by 
the rare wrinkling of the corneal flap upon 
tying the sutures and by a rather low astig- 
matic error. | have used this technique for 
more than five years with no iris prolapses. 
Delayed choroidal detachment with shallow 
chambers is extremely rare as compared 
with previous experience with a scleral flap. 
No hyphemia of consequence has occurred. 

Procedure.—A 3 mm. conjunctival flap 
is reflected to the limbus (I igs. 15a and 


The flap is then dissected into the cornea, 
which is split for 1 to 2 mm. (Fig. 15c). 

A No. 15 Bard-Parker blade, on a small 
handle, is used for splitting. The eyeball is 
prevented from rolling, while the cornea 
is being split, by fixation obtained with a 
firmly tied superior rectus suture and pres- 
sure upon the globe with a moistened cotton 
applicator placed on the reflected conjunc- 
tival flap. The applicator simultaneously 
aids in fixing the globe and retracts the 
conjunctival flap to aid in corneal splitting. 
A line of cleavage for splitting is most easily 
found nasally and temporally rather than 
above. Dissection, therefore, is started at 
one of these two sites and carried around 


Fig. 15.—-My current technique of wound closure. 
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the upper half of the globe. Hemostasis is 
obtained by a Hildreth cautery. 

The anterior chamber is entered by an 
ab externo type of incision using the tip 
of a Bard-Parker knife (Fig. 15d). An 
assistant retracts the split cornea and the 
conjunctival flap at 12 o'clock, and the eye 
is fixed with a Burch scleral pick held by 
the operator. A perpendicular incision is 
made 0.5 to 1 mm. within clear cornea at 
12 o'clock, near the insertion of the split 
portion of the cornea. The opening is 
enlarged a few millimeters nasally and tem- 
porally with a scissors (Fig. 15e). A double- 
arm suture is inserted, after the principle 
of Weeks, near each extremity of the cut 
to insure accuracy of placement (Fig. 15/). 
A loupe is used for magnification to aid in 
meticulous placing of sutures. The arms 
of the mattress suture are inserted 4 to 5 
mm. apart. The needle enters the cornea 
at the base of the conjunctival corneal flap 
and emerges through the superficial layers 
of the cut edge of the corneal flap, never 
deeper than one-third to one-quarter the 
thickness of the cornea. Next it is passed 
through the scleral edge of the incision at 


Fig. 16.—Hemostat 
through loops and resting 
upon free ends of suture. 
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the same depth and emerges from the sclera 
about 2 mm. beyond the limbus. The other 
arm is inserted likewise, and the arms of 
both sutures are pulled from the incision by 
a muscle or scleral hook and withdrawn to 
form two loops (Fig. 15g). A hemostat is 
placed through the loops and clamped to the 
drapes near the center of the eyebrow in 
such a way that the tip of the hemostat 
rests over the arms of the loops and the 
free ends of the suture (Fig. 16). The 
weight of the hemostat is sufficient to serve 
as countertraction when an assistant pulls 
on the lower arms of the loops to retract the 
iris during the iridectomy. 

After the double-armed suture is placed, 
the corneal wound is enlarged, with care 
taken to hold the scissors at right angles to 
the cornea to produce a perpendicular in- 
cision (Fig. 154). A_ specially designed 
scissors is used which has a heavy shank to 
insure clean cutting of tissues without 
crushing and buckling and a blunt tip to 
prevent buttonholing of the iris.4* The 
scissors are made in right- and left-handed 
instruments in such a way that the inner 
blade is forward toward the center of the 
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cornea. This places the incision about 0.5 
mm. further toward the corneal side than 
would be true if the blades were reversed. 

As the incision is enlarged, a postplaced 
McLean type of suture is inserted across 
the corneal incision at 10:30 and 1:30 
o'clock (Figs. 151 and 17a and 6). The 
needle enters the cornea near the base of 
the conjunctival corneal flap, at a point ad- 
jacent to the attachment of the split-off 
cornea to the cornea proper. Sufficient fixa- 
tion for inserting this suture is obtained, 
when a sharp Grieshaber type of needle is 
used, by grasping the conjunctival flap with 


a forceps and holding it up under some 
tension. Raising the flap in this manner 
provides a groove at its base which helps 
to guide the needle properly into the cornea. 
After the needle emerges through the super- 
ficial portion of the perpendicular cut edge 
of the corneal incision, the tip is pushed 
through for 4 or 5 mm. Alignment for the 
second bite into the scleral side of the 
corneal incision is obtained by gentle back- 
pressure on the surface of the cornea and 
sclera adjacent to the incision, which causes 
a slight indentation that can be seen with 
a loupe. The needle is then pulled back and 


Fig. 17.—My current technique of wound closure (continued). 
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Fig. 18.—Perpendicular 
incision covered by cor- 
neal flap, McLean type of 
suture in position. 


passed through the cut edge on the scleral 
side of the incision. The needle must 
emerge about 1 mm. back of the limbus, so 
that, when tied, the layer of split-off cornea, 
which is encircled by the suture, is not 
wrinkled. The reversed and 
brought back through the base of the con- 
junctival flap at its junction with the split- 
off cornea. When the suture is tied, not 
only are the cut corneal surfaces closed but 
also the layer of split cornea is pressed 


needle is 


Fig. 19. 
made beneath a corneal flap. 
imposed sketch. 


SPLIT - OFF 
CORNEA 
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firmly into position over the incision (Figs. 
18 and 19). A thus 
obtained — which carpenter's 
“half lap” joint. 

Ixposure for iridectomy is ob‘ained by 
an assistant, who retracts the corneal flap 
by inserting a muscle hook into the lower 
portion of the loops of the mattress suture 
and retracting them downward (Fig. 17c). 
After iridectomy, sufficiently large loops are 


corneal closure is 


resembles a 


formed in the nasal and temporal sutures 


(a) Cross section of donor eye in which perpendicular corneal incision has been 
(b) Section through suture identified by fragments and super- 


the 


SPLIT OFF CORNEA 
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to permit delivery of the lens (Fig. 17d). 
These loops are placed on the sclera. The 
ends of the mattress suture at 12 o'clock 
are pulled up to leave loops only long 
enough to permit delivery of the lens 
(Fig. 17e). After delivery, the mattress 
suture is pulled up immediately to close the 
wound. The arms of the suture are then 
held taut by an assistant while the two 
McLean supporting sutures are tied. Once 
these are tied and the wound is _ partially 
closed, the needles of the mattress suture 
are reversed and passed from the deep side 
of the conjunctiva at the attachment of the 
conjunctival flap to the cornea (Vig. 17f). 
The loop at the end of the mattress suture 
is grasped with a forceps and pulled down- 
ward until about 1 or 2 in. protrudes (Fig. 
17g). The loop is divided, creating two 
separate sutures of the McLean type (Fig. 
17h). These are tied, and the conjunctival 
incision is closed with a OOOQ00 mild chro- 
mic surgical absorbable (gut) suture (Fig. 
171). Only the eye operated on is covered, 
and the patient is allowed to become ambula- 


Fig. 


Scheie 


tory whenever the effects of sedation have 
subsided. 


Comment 


The history of incision and wound closure 
in cataract extraction has been briefly re- 
viewed. Some of the more basic types of 
closure have been discussed, and outstanding 
features are pointed out. Individual clo- 
sures are evaluated by criteria established 
by McLean. He stated that an ideal wound 
closure should (1) provide firm approxima- 
tion; (2) be preplaced; (3) furnish good 
apposition, with sutures passing through the 
cut edges; (4) provide a good conjunctival 
flap to cover the incision, and (5) not be too 
complicated, 

Firmness of closure and good apposition 
are the most important of these criteria, 
with a conjunctival flap next in order. Pre- 
placement of sutures is of less importance 
today than in the past because of good 
anesthesia and akinesia, although preplacing 
sutures insures accuracy of apposition, Sim- 
plicity is of secondary concern, because 


20.—Postoperative photographs showing scar of corneal incision within limbus. 
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any closure can be used with little or no 
difficulty with the sharp needles available 
today. 

In searching for an ideal wound closure, 
we find five general types from which to 
choose: (1) conjunctival, (2) corneal, (3) 
corneoscleral, (4) scleroconjunctival, and 
(5) scleral. Conjunctival wound closures 
need not be considered seriously, because 
they fail to give firm closure and_ they 
provide poor apposition. Corneal incisions 
are rarely used today with the intracapsular 
extraction and therefore, important 
chiefly because of their historical interest. 


are, 


We find in use today scleroconjunctival, 
scleral, and corneoscleral closures (Table). 


Selection of Most Suitable Suture 


MeLean Criteria * 


Conjunct. Simpli- 


Firm- Appo- 
ness Preplaced sition Flap city 
Daily-Scheie- ++ + ++4++ 

Castroviejo 

sclerocon- 

junctival 
Williams t++++ 0 0 
Weeks +++ 0 +++ 
Kalt (Leech- 

Sugar) + ++++ 
McLean +444 ++ 
Verhoeff 

Scleral +4+4+4+ ++ 


* Rated in effectiveness from 0 to ++++. 


Scleroconjunctival closures fail to provide 
firm or accurate wound closure. They do 
provide an conjunctival — flap; 
they can be preplaced, and they are simple 
to use. 


excellent 


Scleral closures are more ideal in 
that they provide firm closure with sutures 
placed across the lips of the wound, but | 
have found that they are accompanied by 
a high incidence of choroidal detachment, 
probably due to fistulization along the lips 
of the unwieldy scleral flap. This long flap 
probably permitted some gaping of the 
wound. 

Corneoscleral closures more nearly ap- 
proach the ideal. The Williams type of 
suture gives firm closure, but it is post- 
placed and has no conjunctival flap. The 
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Weeks technique improves its apposition 
greatly by permitting placement of the su- 
tures as the wound is enlarged. The Kalt 
suture provides firm closure, but, because it 
is a bridge-type suture, it overrides the 
wound and fails to provide good apposition. 
Sutures of the McLean or the Verhoeff 
tunnel type most nearly approach the ideal. 
Each gives firm and accurate closure. Each 
is preplaced. The conjunctival flap is prob- 
ably better with McLean sutures. Each is 
somewhat complicated, and some difficulty 
is encountered in their use, but certainly 
their value overcomes this objection. 

My current technique of incision and 
wound closure was described. It embodies 
features taken from several previously de- 
scribed closures. A somewhat unorthodox 
incision is made by first preparing a con- 
junctival limbus-based flap, which is then 
split into the cornea for 1 to 2 mm. A 
perpendicular incision is made into the an- 
terior chamber through clear cornea be- 
neath the portion of split-off cornea near its 
attachment. Because the incision is perpen- 
dicular, the overhanging ledge of corneal 
tissue is no greater than with a limbal in- 
cision of ordinary bevel. Postplaced sutures 
of the Mclean type are used. When the 
sutures are tied, the flat surfaces of the 
incised lips are approximated, and because 
the edges are flat overriding is prevented. 
At the same time, the incision into the 
anterior chamber is covered by a flap of 
split-off cornea. Sealing of the wound is 
usually prompt. Only the eye operated on 
is covered. The patients may become am- 
bulatory as soon as the preoperative seda- 
tion wears off. Delayed re-formation of the 
anterior chamber and choroidal detachment 
are extremely rare. In five years of experi- 
ence with over 1,000 patients, no hyphemia 
of sufficient degree to interfere with the 
outcome of the operation has occurred. No 
iris prolapse has been encountered. The 
astigmatic error is 1.15 D., averaged in 100 
consecutive patients, as compared with 2.04 
D., with a similar series, using my scleral 
flap technique. 
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Summary 


Basic types of incision and wound closure 
for cataract extraction are compared. My 
present technique of using a perpendicular 
corneal incision, made beneath a small cor- 
neal flap, is discussed. 


313 S.. 17th. Se. (GS). 
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Sympathectomy and Immunologically Induced 
Bilateral Eye Reactions in the Rabbit 


JOHN F. SCHMEDTJE, Ph.D., Boston 


Introduction 

If a sterile foreign protein is injected 
into rabbit vitreous and about two weeks 
later the same antigen is given intravenous- 
ly, an acute aseptic inflammatory reaction 
not only occurs in the uveal tract of the eye 
into which the material was previously in- 
jected but may also occur to less degree in 
the contralateral eye. These bilateral eye 
reactions have been experimentally pro- 
duced and described by Woods,’ Guillery,? 
von Szily,® Marchesani,* Seegal and Seegal,® 
Schlaegel,®:? Foss,8 Schlaegel and Wilson,* 
and 

Different explanations have been pro- 
posed for bilateral eye reactions following 
the aggravation of only one eye. In the 
case of the experimentally produced reac- 
tions just described in the rabbit, an ex- 
planation emphasizing local tissue antibodies 
was offered by Foss. He suggested that 
the original antigen, injected intraocularly, 
not only sensitizes the cells of the eye into 
which the material is injected but also 
passes via the blood stream to the eye not 
given an injection, “electively sensitizing” 
it. Thus the cells of both eyes contain 
antibodies and may react to any subsequent 
systemic introduction of antigen. While 
admitting the possibility of local tissue anti- 
bodies, Schlaegel and Wilson ® interpreted 


Submitted for publication Aug. 4, 1958. 

This investigation was begun in the Department 
of Anatomy, St. Louis University School of Medi- 
cine, and completed in the Department of Anatomy, 
Harvard Medical School. 

Early phases of this investigation were presented 
at the Southern Section of the Association for 
Research in Ophthalmology, St. Louis, Nov. 10, 
1954, and at the American Association of Anato- 
mists, Philadelphia, April 8, 1955. 


their results in terms of circulating anti- 
bodies combining with persisting antigen at 
the site of the elective sensitization. 

Elschnig '* and Woods ' originally pro- 
posed the explanation implicating uveal pig- 
ment release as the cause of similar bilateral 
eye reaction. Their evidence indicated that 
traumatization of the eye by any one of a 
number of different factors release 
uveal pigment the circulation; — this 
organ-specific pigment stimulates the for- 
mation of systemic antibodies, which are 
capable of reacting with the uveal pig- 
mented cells in the contralateral eye, caus- 
ing a “sympathizing” reaction, 


can 
into 


The explanation of bilateral eye reactions 
in rabbits as due to a basic mechanism in- 
volving infectious processes was first pro- 
posed by Guillery. Different suspect 
organisms have been worked on by a num- 
ber of investigators, whose work is_ re- 
viewed by Alvaro.'® From this viewpoint, 
specific viruses or bacteria readily attack 
an eye traumatized, for example, by an 
anaphylactic tissue reaction. The organisms 
adapt to the traumatized eye tissues and 
subsequently find the contralateral eye pref- 
erentially suitable for further parasitization, 
resulting in a bilateral reaction. 

Other investigators have interpreted ex- 
perimentally produced bilateral eye reactions 
as due solely to neural reflexes. Denig 
cites his experiments with rabbits and dogs 
and reviews the works of several other 
supporters of this explanation. He theorizes 
that inflammatory processes in one eye, of 
whatever cause, initiate sensory impulses 
that cause reflex “sympathetic irritation” 
in the other eye. 

A review of these numerous and conflict- 
ing explanations brings forth the realization 
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that the basic mechanism is still not clearly 
understood for the experimentally produced 
bilateral eye reaction in the rabbit. This 
applies particularly to those reactions that 
result from severe antigen-antibody reaction 
in one eye. 

This investigation was designed to find 
what role neural reflexes may have in bilat- 
eral rabbit eye reactions following severe 
antigen-antibody reactions in one eye. The 
finding is that intact sympathetic innerva- 
tion is necessary for the contralateral reac- 
tion to occur. This is interpreted to indicate 
either that sympathectomy of the contra- 
lateral eye radically modifies any antigen- 
antibody reaction in the eye or, more likely, 
that sympathectomy interrupts the motor 
part of a reflex are solely responsible for 
the contralateral reaction. 


Methods 


Establishment of Gross and Histological 
Basis for Comparing Effects of Sympathec- 
tomy.—The right eyes of 10 control-group 
rabbits were prepared with several drops of 
1% procaine. The ensuing local anesthesia 
permitted immobilization of the eye by 
means of grasping the sclera with fine- 
toothed forceps. A 26 gauge needle on a 
tuberculin syringe was introduced through 
the sclera just posterior to the limbus into 
the vitreous, and 0.2 ml. of a 15% solution 
of human albumin (product of Cutter Lab- 
oratories ) was injected. Fourteen days later 
5.0 ml. of the same solution of albumin was 
injected into the marginal vein of the ear. 
Soth sensitized and contralateral eyes were 
inspected daily for superficial gross signs 
of uveal inflammation. On the sixth day 
following intravenous challenge, the rabbits 
were killed by air embolism. All eyes were 
fixed in Zenker’s fluid, and scattered serial 
sections were stained with hematoxylin and 
eosin and examined with the light micro- 
scope. 

Observation of Effect of Sympathetic 
Denervation upon Reaction of Eye Given 
Injection to Intravenous Challenge.—The 
right eyes of four rabbits were sympathec- 
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tomized by removal of the right superior 
cervical sympathetic ganglia. Intravenous 
pentobarbital (Nembutal) (26 mg. per kilo- 
gram of body weight) was used as the anes- 
thetic. Care was taken to free the adjacent 
carotid arteries of all postganglionic fibers 
ascending from the middle and inferior 
cervical ganglia. After complete recovery 
these four rabbits were subjected to the 
same procedures as the control group, name- 
ly, intravitreous injection of human albumin 
into the right eye and intravenous challenge 
14 days later, followed by gross and histo- 
logical examination of both eyes. 
Observation of Effect of Sympathectomy 
upon Reaction in Uninjected, Left Eye.- 
The left eyes of eight rabbits were sympa- 
thectomized by removal of the left superior 
cervical ganglia. After complete recovery 
these eight rabbits were subjected to the 
same procedures as the above groups of 
rabbits, namely, right eye intravitreous in- 
jection, intravenous challenge, and gross 
and histological examination of both eyes. 


Results 


Intact Innervation to Both Eyes.—Right 
eye intravitreous sensitization, followed 14 
days later by intravenous challenge, caused 
a grossly visible inflammatory reaction in 
the right eye in every control-group rabbit. 
This reaction began to appear within two 
hours after the intravenous challenge of 
antigen and reached a maximum intensity 
within three days. These right eyes showed 
a pericorneal engorgement of blood vessels. 
The radial blood vessels in the iris were 

Fig. 1.—Superior view of normal rabbit eyes. 
Lower part of picture is anterior. Construction of 


large amounts of orbital smooth muscle under 
sympathetic stimulation causes an exophthalmos 


and squeezes shut some venous blood vessels 
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Fig. 2—Same view as Figure 1; a rabbit with 
all nerves to both eyes intact, showing a severe 
antigen-antibody reaction in the right eye and a 
grossly visible mild inflammatory reaction in the 
left eye. 
visibly engorged, and small hemorrhagic 
areas became visible (Figs. 1, 2). A cloudy 
precipitate could be seen in the aqueous 
humor, and the conjunctival membranes 
became red and appeared inflamed. The 
effects of the antigen-antibody reaction 
were visible in the freshly fixed and dis- 
sected eye (lig. 4). Histological examina- 
tion of these eyes revealed engorgement of 
most of the small blood vessels in the eye 
and distinct hemorrhagic areas in the iris 
and ciliary body. There was a massive in- 
filtration of the whole uveal tract with 
mononuclear cells consisting of monocytes, 
lymphocytes and plasma cells (Vig. 5). 
Polymorphonuclear cells were few in num- 
ber or completely absent. The cellular 
exudate swelled the whole uveal tract to an 
abnormal thickness. This exudate appeared 
to have broken out through the epithelial 
lining of the ciliary processes. The retina 
appeared disorganized and in places was 
detached from the swollen choroid. T-xudate 
and mononuclear cells were present (lig. 6). 
Perivascular infiltration was also present in 
the sclera. 

In 8 of the 10 control-group rabbits there 
was histological evidence of a mild inflam- 


Fig. 3—Same view as Figures 1 and 2; a rabbit 
with the left eye sympathectomized, showing a se- 
vere antigen-antibody reaction in the right eye and 
no reaction in left eye. 
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matory reaction in the contralateral eye. 
One of these positive contralateral reactions 
was severe enough to be observed by gross 
inspection. The radial and circumcorneal 
blood vessels were visibly engorged (Fig. 2). 
All eight of these positive contralateral re- 
actions were characterized histologically by 
an abnormal in the number of 
lymphocytes, monocytes, and plasma cells 
in the uveal tract (Fig. 7). There was a 
mild thickening of the choroid due to the 
round-cell infiltration and exudation. Many 
small blood vessels showed mild perivascu- 
lar infiltration. This reaction, while evident, 
was in no way as severe as the infiltration, 
exudation, hemorrhage, and distortion seen 
in the reaction of the sensitized eye. In 
two of the control-group rabbits there was 
no histological evidence of a contralateral 
reaction. 


increase 


Fig. 4. 


effects of antigen-antibody reaction in iris of an 


Fixed and dissected eye, showing gross 


eye sensitized by intravitreous injection, 


Sympathectomized Sensitized Eye:-—I\n 
the second group of rabbits, that in which 
the right eyes were desympathectomized 
before the albumin was injected intravitre 
ously, the intravenous: challenge caused a 
very severe inflammatory response in all of 
the sensitized right eyes. Histological in 
spection of the uveal tracts of all contra 
lateral eyes revealed a mild inflammatory 
reaction characterized by an abnormal 
round-cell infiltration, exudation, and hyper 
emia, 

Sympathectomized Contralateral 
In the third group of rabbits, that in which 
the left eyes had been previously sympa 
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Fig. 5.—Section at angle of iris of sensi- 
tized eye six days after intravenous challenge 
Note massive round-cell infiltration of iris. 
Exudate both anterior to iris and around 
ciliary processes also contains mononuclear 
cells. 


Fig. 6.—Section of retina, showing exuda- 
tion and round-cell infiltration, especially of 
plasma cells, resulting from an antigen- 
antibody reaction in a sensitized eye. 
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Fig. 7.—Section of base of iris and ciliary 
body in a sympathectomized unsensitized 
contralateral eye, showing an abnormal hemo- 
stasis and round-cell infiltration. 


thectomized, intraocular sensitization of the 
right eye followed by intravenous challenge 
again caused a severe inflammatory reaction 
in the right eye. However, in not one of the 
eight contralateral left eyes was there any 
gross (lig. 3) or histological evidence of 
a mild inflammatory reaction. 


Sympathectomized Eye Given Injection. 

The results in the second group of rabbits 
showed that sympathetic denervation had 
little effect on the antigen-antibody reaction 
in the eye that was sensitized by intraocular 
injection. Presumably there were antibodies 
in or on the cells of the sensitized eye that 
had a very strong affinity for the antigen 
that later reappeared through the blood 
vessels entering the eye. 


Comment 


Intact Innervation to Both Eyes.—The 
results in the control group of rabbits are 
similar to the findings of several previous 
investigations.7* The 80% of the control- 
group rabbits that have a contralateral re- 
action is comparable to the percentage found 
by Schlaegel 7 with use of the same 2-week 


Karlier sympa- 
thectomy of these eyes had deprived the 
blood vessels of their vasoconstrictor fibers. 
Yet lack of vasoconstrictor fibers did not 
modify the local reaction in the sensitized 
eye. This could be because the blood vessels 


time interval between sensitization and 
challenge by means of a shocking dose of 
antigen. By repeated intravenous challenge 
with antigen, he was able to elicit the bilat- 
eral reaction in 100% of his rabbits. While 
the same procedure would probably have 
yielded a 100% bilateral reaction in the 
control group, it was believed that the single 
large shocking dose of human albumin gave 
results of sufficient intensity to establish the 
validity of the reaction and a_ sufficiently 
large number of positive contralateral reac- 
tions to provide a valid basis for comparing 
the effects of sympathectomy. 
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had regained their own ability to constrict 
and relax during the time lapse after sym- 
pathectomy (Kuntz '). 
these 

any 


However, the re- 
sensitized 
small 


actions in 
intense that 
been masked. 


eyes were so 


effects could have 

It is believed significant that a contra- 
lateral reaction still occurred in most of 
these second-group rabbits. Sympathectomy 
had not interrupted the sensory fibers from 
the eye to be sensitized because the sensory 
fibers do not pass through the cervical sym- 
pathetic trunk. In addition, all the auto- 
nomic fibers to the contralateral eye were 


still intact. Both the 


afferent arm from 
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the sensitized eye and the efferent arm of a 
possible reflex are to the contralateral eye 
were still intact. 

Sympathectomized Contralateral Eye.— 
In regard to the third group of rabbits, the 
results indicate that sympathectomy of the 
contralateral eye radically modifies subse- 
quent contralateral reactions. Two general 
interpretations may be given to the finding 
that the mild contralateral reaction fails to 
occur in a sympathectomized eye. One is 
that lack of sympathetic fibers to the con- 
tralateral eye prevents or depresses any 
antigen-antibody reaction in that eye. The 
other is that sympathectomy of the contra- 
lateral eye interrupts the efferent part of a 
reflex arc responsible for the reaction. 

:ffects of Denervation on Antigen-Anti- 
body Reaction: On the basis of the follow- 
ing evidence, relatively weak support is to 
be found for the explanation that sympa- 
thectomy depresses an antigen-antibody re- 
action in the contralateral eye: 

First, there is no evidence offered here 
or in the investigations of similar bilateral 
reactions that the mild contralateral reaction 
is really due to an antigen-antibody reac- 
tion.?7® The often-used term “elective sensi- 
tization” of the contralateral eye implies 
that more antigen has reached this eye than 
elsewhere or that for some unknown reason 
more cellular antibodies have been formed 
here than elsewhere. Evidence that either 
really occurs is lacking. Foss * claimed to be 
able to detect serologically the antigen in the 
aqueous humor of the contralateral eye. 
However, the blood-aqueous barriers and 
the fast rate of aqueous circulation would 
not favor an accumulation of antigen in the 


aqueous of the contralateral eye (Lang- 
ham'*). Nor would any other known 
factors favor the contralateral eye cells 


receiving a longer exposure and = greater 
sensitization to the circulating antigen than 
any other cells of the body. 

Mention should be made of the optic 
nerve route for antigen transport that has 
been suggested as the anatomical basis for 
elective Alvaro cites the 
work of Deutchman and others, who con- 


sensitization. 
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cluded from their experiments that bacteria 
and viruses can move through the lymph 
channels and connective tissue surrounding 
the optic nerves. A pathway would thus 
exist along the optic nerve of one eye, 
across the optic chiasma, and back along 
the optic nerve of the other eye. But while 
the possibility of this optic chiasma route 
has been demonstrated for propagating 
bacteria and viruses, evidence is still lacking 
that it could be a means for the diffusion 
of antigen. 

Second, sympathectomy in the second 
group of rabbits did not visibly depress the 
known antigen-antibody reaction in the 
sensitized eye. It was mentioned above that 
any effect could have been masked by the 
severity of the reaction, but one must con- 
sider the weight of evidence in the litera- 
ture, reviewed by Urbach and Gottlieb,’ 
that indicates that sympathectomy does not 
depress local antigen-antibody reactions. 

Third, it would be difficult to support an 
explanation that sympathetic denervation 
depresses an antigen-antibody reaction in 
the contralateral eye because of altered 
vasomotor innervation. A large amount of 
experimentatl data, reviewed by Kuntz,'? 
indicates that following cervical sympathec- 
tomy a brief hyperemia and_ increased 
intraocular pressure occur within the eye. 
Later both these effects disappear because 
the blood vessels regain their inherent tonus. 
Thus, any antigen-antibody reaction in the 
sympathectomized contralateral eye would 
be occurring in tissue the vascular milieu of 
which is presumably the same as in a nor- 
mally innervated eye. 

As a fourth point, sympathectomy would, 
if anything, augment an antigen-antibody 
reaction, according to a large amount of 
evidence reviewed by Kuntz.!%?° con- 
sidering the effects of the autonomic nervous 
system on the immune tissue reaction he 
concludes that the most characteristic mani-: 
festations of these reactions appear to be’ 
causally related to a heightened parasympa* 
thetic or cholinergic activity. According to 
this, if the contralateral reaction in the 
“electively sensitized” eye was due to an 
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antigen-antibody reaction, we would expect 
that sympathetic denervation would augment 
and intensify such a reaction. The experi- 
mental results indicate clearly that it does 
not. This weakens any explanation that 
attributes the contralateral reaction to an 
antigen-antibody reaction. 

Reflex Mechanism as Explanation of Con- 
tralateral Reaction: In contrast to the 
preceding, relatively strong support is avail- 
able for the explanation that sympathectomy 
of the contralateral eye interrupts the ef- 
ferent part of a reflex arc and thereby 
prevents the occurrence of the contralateral 
reaction. 

In the first and second groups of rabbits, 
the nerve pathways for a possible reflex 
reaction are intact and the contralateral re- 
action does occur. In the third group of 
rabbits, these pathways are interrupted and 
the reaction does not occur. The sensory 
fibers from the sensitized eye originate in 
nerve plexi in the iris, choroid, and cornea. 
They pass from the eyeball via the long 
and short ciliary nerves to the nasociliary 
branch of the ophthalmic division of the 
fifth cranial nerve. In addition, there are 
the special sensory fibers of the optic tract, 
originating in the retina, that could be re- 
ceptive to pressure changes. While visceral 
sensory fibers from thoracic and abdominal 
viscera pass to the central nervous system 
via the sympathetics, this is not the case in 
the eye where all the visceral sensory nerves 
pass to the central nervous system via the 
fifth cranial nerve (Kuntz Therefore, 
cervical sympathectomy in the second group 
of rabbits did not interrupt the sensory fi- 
bers from those eyes and complete reflex 
pathways were intact from the sensitized 
eye to the contralateral eye. The motor part 
of a possible reflex are from the sensi- 
tized to the contralateral eye would consist 
of sympathetic fibers. The sympathetic fi- 
bers originate from the second thoracic level 
of the spinal cord and pass via the sym- 
pathetic trunk and ganglia, internal carotid 
plexus, sympathetic fibers through the ciliary 
ganglia, and short ciliary nerves to the vaso- 
motor effectors in the 


contralateral eye. 
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Since parasympathetic fibers to the eye in- 
nervate ciliary and iris smooth muscle and 
have no vasomotor effect, it is unlikely they 
would play a part in causing histologic alter- 
ation. The finding that sympathectomy pre- 
vents the occurrence of the contralateral 
reaction is presumptive evidence that sym- 
pathetic impulses cause it. 

Vasoconstriction as Cause of Contralateral 
Reaction: The histopathological changes in 
the contralateral eye could have resulted sec- 
ondarily from vasomotor effects. The effect 
of vasoconstrictor fibers on intraocular blood 
vessels in rabbits is particularly strong, al- 
though mostly indirect. Stimulation of these 
fibers constricts the extensive amount of 
smooth muscle found in the orbit and eye- 
lids. This causes exophthalamos, raises the 
intraocular pressure by compression of 
the globe, and produces stasis of blood in the 
eye by compression of veins at their outlet 
(Adler *!). There is also good experimental 
evidence for effective vasoconstrictor fibers 
to the arterioles within the eye (Adler et 
al.2*), Barany ** has shown that these are not 
involved in intraocular blood flow following 
changes in systemic blood pressure, but this 
does not exclude their possible role in re- 
flexes resulting from antigen-antibody reac- 
tions. Experimentally produced intraocular 
arteriole causes diminished blood 
flow through capillary beds throughout the 
eye. The local tissue anoxia soon causes the 


spasm 


capillaries to dilate and to become more 
permeable (Adler *"). These abnormal vaso- 
motor impulses to the contralateral eye over 
a period of several days could cause sec- 
ondarily the mild local hyperemia, edema, 
and round-cell infiltration, 

Hypothesis of Neural Mediation: The fol- 
lowing hypothetical explanation can now be 
made for the bilateral reactions. When the 
challenge dose of antigen is given intra- 
venously it circulates to the sensitized eye 
and reacts with the local cellular antibodies 
with an intensity that is visible grossly, Un 
doubtedly these histopathological changes 
bring on the alarm reaction. The tissue in- 
jury is surely great enough to affect sensory 
receptors in the eye, and impulses are propa 
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gated through the intact ophthalmic division 
of the fifth cranial nerve. The motor reac- 
tions of the central nervous system to this 
information are expressed through sympa- 
thetic fibers. The increased motor discharge 
of impulses through sympathetic pathways 
back to the eye causes vasoconstriction, in- 
creased intraocular pressure, and some pupil 
dilation. This alarm reaction decreases the 
blood flow and, therefore, the amount of 
injurious antigen passing through the capil- 
lary bed. This not only prevents more tissue 
destruction but also initiates tissue changes, 
namely, compensatory vasodilation, edema, 
and round-cell infiltration, which represent 
the beginning of the repair processes. To 
explain the vascular changes in the contra- 
lateral eye, we need only assume that, while 
the stimulation of fibers 
lateral, the response is bilateral. 


sensory is uni- 

This bilateral reflex tempers and dampens 
the antigen-antibody reaction in the sensi- 
tized eye, disturbing normal tissue milieu but 
at least initiating the repair processes of the 
inflammatory response. It simply disturbs 
the normal tissue milieu unnecessarily in the 
contralateral eye, secondarily causing the 
milder histopathological changes found in 
the contralateral eye. 

Contralateral Eye Compared to “Shock 
Organ” in Allergy: Some support for the 
hypothesis that an antigen-antibody reaction 
in one eye can cause a reflex inflammatory 
reaction in the other eye may be found in a 
comparison of events with the reflex ex- 
pression of allergic reactions in specific 
“shock organs.” There is justification in 
making such a comparison if the general 
opinion is accepted that the mechanism of 
allergy is essentially the same as the mecha- 
nism of the immune response (Taub **), In 
the case of specific food allergies, different 
expressions are known to occur in different 
“shock organs” in different people. For ex- 
ample, following the ingestion of a food al- 
lergen, one susceptible person may have 
dermatological symptoms, another may have 
neurological symptoms, another may have re- 
spiratory symptoms, This referred expres- 
sion of an allergic reaction in the intestine 
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to one or another different shock tissue 
is believed by Kuntz? and Urbach’® to 
be a function of the limited distribution 
of autonomic fibers, usually parasympathetic, 
to specific shock organs. Whether the reac- 
tion in the shock tissue is purely reflex or 
whether the reaction is a result of autonomic 
disbalance in the shock organ which facili- 
tates its sensitization to food allergens in the 
general circulation, a neural reflex mecha- 
nism is implicated involving visceral sensory 
fibers, central nervous system mediation, and 
a limited parasympathetic motor distribu- 
tion to the shock tissue. 

There is justification in comparing the 
contralateral eye reaction to the shock tissue 
reaction in an allergy if we consider the 
specific distribution of sympathetic fibers to 
the eye. In the case of the contralateral eye 
reaction, the specific distribution of sym- 
pathetic fibers could play the same role as 
the specific distribution of parasympathetic 
fibers to visceral shock organs. For while 
the distribution of sympathetic fibers is very 
diffuse to thoracic and abdominal organs, 
one organ receiving impulses from many 
different levels of the cord, the sympathetic 
distribution to the eye arises from a specific 
area of preganglionic cells in the second 
thoracic level of the spinal cord.'? 

Just as sympathectomy of the contralateral 
eye prevented the contralateral reaction, so 
also there are many reports of modification 
or elimination of shock organ allergic ef- 
fects by surgical interruption of either sen- 
sory or motor arms of reflex pathways. 
Coca ** reports many cases of dramatic relief 
from food allergies, following sympathec- 
tomy of large areas of the intestine by re- 
moval of celiac and lumbar sympathetic 
ganglia. The beneficial effect, he believes, is 
due to interruption of visceral sensory fibers 
from the intestine, which prevents sensory 
impulses from reaching the central nervous 
system that in turn find motor expression 
in various “shock organs.’ 


Similarly, sym- 
tomatic relief from respiratory allergies has 
often been achieved after the surgical inter- 
ruption of either sensory or motor pathways 
to the bronchi.!*.76 
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One cannot explain one enigma, the ef- 
fects of sympathectomy on the bilateral rab- 
bit eye reaction, with another enigma, the 
effect of sympathectomy on shock tissue re- 
actions in human food and respiratory al- 
lergies. However, the modifying effects of 
sympathectomy in both cases supports the 
hypothesis that a neural mechanism involv- 
ing a reflex are exists. If the experimental 
results are explained with a neural mecha- 
nism involving central nervous system medi- 
ation, we have a ready explanation for the 
variations in the contralateral reactions in 
the control groups of rabbits. Central ner- 
vous system mediation brings in the possi- 
bility of innumerable other influences. With 
two rabbits of equal size and administration 
of equal sensitizing and shocking doses, it 
might take considerably more antigen-anti- 
body reaction in the rabbit with a. higher 
central excitatory state for this particular 
reflex to cause the contralateral reaction. 

Sympathetic Ophthalmia Compared to 
Contralateral Reaction: Interest in the con- 
tralateral rabbit eye reaction grew out of an 
atempt to find in it an explanation for 
sympathetic ophthalmia. While there is a 
superficial resemblance in the two phenom- 
ena, the following comparisons will illus- 
trate the many fundamental differences. 

In the experimentally produced bilateral 
rabbit eye reactions, a known antigenic pro- 
tein is injected intravitreously into the orig- 
inally involved eye, specific circulating 
antibodies can be detected, and the contra- 
lateral reaction can be produced in 80% to 
100% of the rabbits. In contrast, in sym- 
pathetic ophthalmia, there is trauma in the 
originally involved eye, but no known re- 
lease of antigenic material other than uveal 
pigment is suspected in this trauma. In 
those cases where there has been traumatic 
release of uveal pigment to the blood, there 
are no detectable circulating antibodies. In 
deed, sympathetic ophthalmia in humans is 
a relatively rare condition following uveal 
pigment release (Alvaro). Again, no sup- 
port for the uveal pigment factor in sym- 
pathetic ophthalmia 
rabbit experiments. 


be derived from 
Schlaegel ** found no 


can 
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difference between albino and pigmented rab- 
bits in their ocular reactions to injection of 
horse serum and in the number of contra- 
lateral reactions. 

The experimentally produced contralateral 
rabbit eye reaction can be elicited by a shock- 
ing dose of antigen 7 to 14 days after 
sensitization. Sympathetic ophthalmia, in 
contrast, occurs after an interval of several 
weeks or many months by an agent as yet 
unknown. 

In the rabbit eye reaction, the histopatho- 
logical picture in the contralateral eye is of 
a mild inflammatory nature, with moderate 
round-cell infiltration followed by complete 
recovery. In human sympathetic ophthalmia 
the histopathological picture in the sympa- 
thizing eye is of an intense infiltration of 
round cells, with complications that often 
produce blindness and loss of the eye. 
Schlaegel and Davis ® were able to induce a 
histopathological picture in the rabbit eye 
resembling that of sympathetic ophthalmia, 
but it was done by conducting severe anti- 
gen-antibody reactions in eyes acutely sen- 
sitized by intraocular injection. In no case 
was a similar severer histopathological pic 
ture produced in a contralateral eye, where 
the reaction was always mild. 

The experimental results of this paper are 
observations of the modifying effect of sym- 
pathectomy on the rabbit reaction. This and 
corollary evidence strongly suggest a neural 
mechanism is solely responsible for the con- 
tralateral reaction. Concerning the explana- 
tion of sympathetic ophthalmia, Alvaro 
states that the assertion of Butler *® perhaps 
still holds, namely, “We know literally noth 
ing about the ultimate cause of the disease.” 

Clearly, the fundamental differences be- 
tween the two phenomena provide absolutely 
no basis for suggesting that sympathectomy 
of the uninjured eye would prevent sympa- 
thetic ophthalmia. However, these differ- 
ences do not preclude the possibility of some 
other neural mechanism in the etiology of 
sympathetic ophthalmia, 

Promise of Fluorescent Microscopy: A 
complete explanation of why the contra- 
lateral eye reaction does not occur in a 
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sympathectomized rabbit eye has not been 
achieved in this investigation. Evidence has 
been cited that discounts sympathetic de- 
nervation affecting a possible antigen-anti- 
body reaction in the contralateral eye. Little 
support is found for “elective sensitization” 
solely by a humeral mechanism. On the 
other hand, experimental evidence has been 
gathered and corollary facts have been as- 
sembled to support the explanation that the 
contralateral reaction is solely due to neural 
reflexes. Determination of whether or not 
antibodies are formed in the cells of the 
contralateral eye in “elective sensitization” 
is pertinent to a more complete explanation. 
In this regard, Witmer *° has recently used 
the techniques of Coons, employing fluores- 
cent microscopy to detect specific antibodies 
in sensitized eyes. This technique should be 
of use to determine if, upon injection of 
antigen into one rabbit eye, antibodies can 
be detected in the cells of the other eye. If 
antibodies are formed in the “electively sen- 
sitized” eye, it would support the explana- 
tion that sympathectomizing the eye can 
have a direct modifying effect on subse- 
quent antigen-antibody reactions. If anti- 
bodies are not found in the “electively 
sensitized” eye, this would suport the ex- 
planation that sensitization” is 
based essentially on a neural mechanism. It 
would also suggest that other hitherto un- 
explained tissue reactions in the eye may be 
referred manifestations of immune and al- 
lergic reactions elsewhere in the body. 


“elective 


Summary 


A severe antigen-antibody reaction in a 
rabbit eye sensitized by injection and chal- 
lenged intravenously may be accompanied 
by a mild contralateral eye reaction. This 
contralateral has been attributed 
either to various immunological mechanisms 


involving “elective sensitization,” 


reaction 


to infec- 
tious agents, or to neural reflexes. 

The finding of this investigation is that 
sympathetic denervation of the sensitized 
eye has no modifying effect on subsequent 
antigen-antibody reactions. However, sym- 
pathectomy of the contralateral eye will pre- 
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vent the occurrence of the contralateral 
reaction. 

Little support can be mustered for the 
explanation that sympathetic denervation of 
the contralateral eye modifies any subse- 
quent antigen-antibody reaction. Greater 
support is available for the explanation that 
sympathetic denervation of the contralateral 
eye interrupts the reflex pathways responsi- 
ble for the contralateral reaction. 

The contralateral reaction in the rabbit 
differs in many fundamental ways from 
sympathetic ophthalmia. Findings applicable 
to one should not be expected to apply to 
the other. 

A more complete explanation of the con- 
tralateral reaction in the rabbit awaits posi- 
tive or negative determination of specific 
cellular antibodies by techniques employing 
fluorescent microscopy. 


Department of Anatomy, Harvard Medical 
School, 25 Shattuck St. (15). 
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Experimental Investigations on Uptake of Radioactive 
Phosphorus in Ocular Tumors 


CHARLES | THOMAS, M.D.; MARY SUE BOVINGTON, B.S.; W. J. MacINTYRE, Ph.D.; 
HELEN HARRINGTON, Ph.D., and J. P. STORAASLI, M.D., Cleveland 


As our clinical investigations relating to 
uptake of radioactive phosphorus (P%*) by 
neoplastic and inflammatory lesions within 
the eye have proceeded during the past few 
years, it has become increasingly desirable to 
build a firmer foundation for these empirical 
clinical observations by means of controlled 
experiments in animals. In planning these 
experiments, the principal purpose has been 
to elucidate the clinical observations and to 
evaluate more accurately the various tech- 
nical factors which enter into these deter- 
minations. Our investigations have been 
based on a large body of work and knowl- 
edge already gained by others on the uptake 
of radioactive material, particularly radio- 
active phosphorus, by various types of ma- 
lignant tissue and on the facts that have 
been learned about the metabolism of phos- 
phorus in normal and malignant cells. In 
addition, we could avail ourselves of a tested 
method of producing tumors in the eye, i. e., 
the technique of transplantation of malig- 
nant tumors into the anterior chamber, and 
could make use of the data accumulated by 
other experimenters in selecting tumors for 
transplantation most suitable for our pur 
pose. Our object throughout this experi- 
mental work has been to correlate the 
experimental results with the clinical find- 
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ings, with the idea of placing this ophthal- 
mologic diagnostic method on a firmer basis, 
to define the indications of this method 
more definitely, and perhaps to learn some- 
thing more of the behavior of malignant 
lesions within the eye that would be of value 
from the therapeutic standpoint. 

Our experiments were carried out in 
three phases: (1) comparison of uptake of 
radioactive phosphorus in normal ocular tis- 
sue and experimental eye tumors; (2) study 
of the effect of vascularity on the radio- 
active uptake in neoplastic, inflammatory, 
and normal ocular tissue, and (3) correla- 
tion of the uptake of radioactive phosphorus 
with cellular structure and study of the 
metabolism of phosphorus and its intracellu- 
lar distribution. 


I. Historical Background and 
General Considerations 

Studies with Radioactive Isotopes on 
Metabolism of Malignant Tumors.—In his 
pioneer experiments, in 1923, Hevesy ' used 
a naturally occurring radioisotope, lead *!* 
or thorium B, to study the transport of lead 
in plants. After the discovery of artificially 
induced radioactivity, by Joliot and Curie,” 
in 1934, the first biologic application was 
that by Chiewitz and Hevesy,* who used 
radioactive indicators in the study of phos 
phorus metabolism in rats. Hevesy has 
continued active work in this field of in 
vestigation. A statement that he made in 
1948 is particularly pertinent to present tu 
mor studies: “Early experiments have 
shown that labeled phosphatides can be de- 
tected in tissues shortly after administration 
of labeled phosphorus. The percentage of 
the dose administered present in the various 
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organs of the rat as phosphatide ( P**) first 
increases and then declines after about 10 
hours.” 

Time-distribution studies of radioactive 
isotopes in various organs and metabolic 
evaluation by means of tissue fractionation 
by many investigators established the fact 
that metabolically active organs, such as the 
liver, spleen, and adrenals, take up larger 
quantities of radioactive material, particu- 
larly radioactive phosphorus, than less active 
tissues. 

Forssberg and Jacobsson,® in 1945, stud- 
ied the distribution of intravenously in- 
jected labeled phosphorus in rabbits with 
the Brown-Pearce carcinoma and found that 
metastases take up on an average as much 
P8? as the most active organs, e. g., liver, 
spleen, and suprarenal. When the uptake of 
P*? per gram of wet weight of metastases 
was compared with uptake per gram of less 
active tissue, such as pleura, diaphragm, and 
lymph nodes, uptake of the former was as 
much as five times greater. Increased rates 
of uptake of P%* were observed also by 
Jones and associates,® by Lawrence and as- 
sociates,”* and by Kenney.* Lawrence and 
his collaborators showed that retention of 
P** per gram in various tissues of the leu- 
kemic mouse was greater than in the normal 
mouse and that there was also a marked 
selective uptake of P** by lymph nodes in- 
vaded by lymphosarcoma. Scott } observed 
that lymphomatous tissue retained more ra- 
dioactive phosphorus than normal tissue for 
1 to 19 days after administration of labeled 
phosphorus. 

Numerous attempts have been made to ap- 
ply these experimental findings to diagnosis 
or treatment of human cancers. The short 
half-life and the limited power of penetra- 
tion of the B-rays emitted by P** make it 
unsuitable for treatment of internal cancers. 
It has become, however, an accepted and 
standardized method in treatment of poly- 
cythemia vera, and some success has been 
reported in certain types of skin cancer.!!:!” 

Moore and his associates 11° carried out 
clinical and experimental studies on the diag- 
of central 
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nosis nervous system tumors, 
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using the y-ray emitter, diiodofluorescein 
containing I'*', First trial of P8* as a pos- 
sible diagnostic aid in malignant disease was 
made by Low-Beer,'® in 1946, and later by 
McCorkle and associates,!* in measurements 
of uptake of radioactive phosphorus in 
breast tumors. 

Selberstone and his co-workers '*! and 
Sweet 7° reported the use of radioactive 
phosphorus in the localization of brain tu- 
mors. Dunphy and Selberstone 7! (1950) 
reported the distribution of radioactive phos- 
phorus, as determined by in vitro counts, in 
ocular tissues removed after intravenous in- 
jection of P*, 

Application of the principle of differential 
uptake of radioactive phosphorus by malig- 
nant tissue, by in vivo counts, as a means 
of diagnosis in intraocular tumors began 
with the work of Thomas and his associ- 
ates ** in 1952. Subsequent studies have 
been reported by Trevor-Roper et  al.,74 
Towne,?* Krohmer et al.,2> Dunphy et al.,76 
Thomas et al.,?7 Bettman and Fellows,?8 
Eisenberg and 
et al.*° 

Choice of Isotope.—Since the purpose of 
this experimental investigation is to collect 
data from animals that can be compared 
with data obtained in clinical cases of intra- 


and Dunphy 


ocular lesions after injection of radioactive 
phosphorus, this substance would logically 
be the isotope used. Nevertheless, the many 
advantages of P*?, which made it the ma- 
terial of choice in developing the clinical test 
for intraocular lesions, should be kept in 
mind. In the first place, the universal dis 
tribution of phosphorus in cell nucleoprotein 
makes this element an ideal one for study in 
a wide range of metabolic investigations. 
Nucleoproteins are known to be synthesized 
more rapidly by tumor cells than by normal 
tissue, resulting in a measurable differential 
uptake of radioactively labeled phosphorus. 
l-urthermore, the chemical toxicity of P*? is 
low, as has been proved by its extensive use 
in treatment of polycythemia vera. P** has 
a half-life of 14.3 days, which is sufficiently 
long to allow for shipment, standardization, 
and preparation of doses without prohibitive 
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loss of material and yet is short enough to 
be compatible with the time scale of the 
experiment. P** emits only B-rays which 
have a very short range in tissue, i. €., about 
3 to 4mm.; hence, radiation hazard is mini- 
mized. The extensive documentation of the 
properties and biologic and physiologic ef- 
fects of radioactive phosphorus is another 
advantage, since it was the first isotope to be 
used experimentally and had been the one 
most widely employed in all types of meta- 
bolic research subsequently. As a final prac- 
tical advantage, P** is easily available in 
standardized form. It is prepared by a 
separation process from the fission products 
of the Oak Ridge reactor and is colorless, 
odorless, and tasteless. It is received as a 
solution of disodium hydrogen phosphate or 
phosphoric acid, almost completely carrier- 
free and with a specific activity of 5 to 7 
me. per cubic centimeter. It is standardized 
by the method established by the Bureau of 
Standards, 

rom the foregoing, it is evident that 
radioactive phosphorus (P**) fulfills ad- 
mirably (for our purposes) the criteria laid 
down by Heidelberger ** in choosing a tracer 
for a particular experimental study: “The 
isotope must behave chemically and. biologi- 
cally in a fashion identical to that of the 
natural element. The isotope must be pres- 
ent in sufficiently high concentration to 
withstand the dilution that is encountered 
in the experiment. The label must be re- 
tained throughout the experiment. There 
must be no biological effect caused by the 
toxicity of the tracer itself. The half-life 
of the radioactive isotope should be long 
The labeled 
atom should be an isotope of the element 
of actual interest.” 

Evaluation of Radioactive Counts from 
Tumor Tissue.—Studies on the uptake or 
turnover rate of a radioactive isotope in a 


enough for the experiment. 


given tissue yield measurements of radioac- 
tivity representing a combination of several 
different effects: (1) the contribution to 
the counting rate due to radiation from the 
tissue under study, (2) radioactivity due to 
presence of the isotope in some tissue or 


152/466 


tissues other than the one being studied, 
and (3) background count due to cosmic 
rays and to radioactive material the 
general vicinity of the counter. 


in 


Dunphy and associates,2® in their work 
on localization of brain tumors, believed 
that the much greater concentration of P%? 
in these tumors was due rather to the ex- 
treme sluggishness of uptake of normal 
cerebrum than to a very rapid uptake by the 
tumor. Some active normal tissues, such 
as liver, spleen, and bone marrow, take up 
phosphorus more rapidly than many malig- 
nant gliomas, and skeletal muscle takes it up 
at rates similar to those seen in gliomas. 
Hence, these authors concluded that the 
diagnostic test with P* is likely to be ap- 
plicable only to tumors which grow in a 
bed of metabolically slow-moving normal 
tissue. The eyeball qualifies in this respect 
because a large volume of the globe is 
taken up by the “metabolically torpid” sclera, 
aqueous, vitreous, cornea, and lens. The 
more active choroid and retina are metabol- 
ically active and hence have high rates of 
uptake of radioactivity, but these are small 
structures, representing only a small propor- 
tion of the total eye volume. 

In Measurements.—The accuracy 
of in vivo measurements of uptake of a 
radioactive substance depends upon several 
factors, one of which is time. The rate of 
change after injection of the isotope is 
measured in abnormal fields and compared 
to corresponding measurements in normal 
areas. To reduce experimental error and 
to increase accuracy, the counting must be 
carefully timed. 


Vivo 


Since counter measure- 
ments are subject to statistical errors, as 
much time as possible should be used to 
collect useful experimental data. In plan- 
ning in vivo experiments, it is necessary to 
estimate the time scale accurately, to have 
some idea of the probable sources of back- 
ground radiation, and to evaluate accurately 
the limitations and capabilities of the avail 
able equipment. The main features of the 
experiment can then be planned to yield the 


maximum of useful information when a 
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given quantity of radioactive material is 
used, 

Veall ** recommends attention to the fol- 
lowing factors in determining accuracy of 
in vivo measurements: (1) reduction of 
background radiation to a value small com- 
pared with the intensity of radiation from 
the region being studied, (2) proper design 
of equipment so that it can be set up and 
manipulated without waste of time, (3) au- 
tomatic recording of data, and (4) maximal 
intrinsic efficiency of the radiation-detecting 
equipment. 

Specially Designed Eye Counter Probes. 

In our first clinical experiments involving 
radioactive counts over the eye, it became 
evident that special probes with Geiger 
counters were desirable or necessary, espe- 
cially in taking readings over posterior por- 
tions of the eye. The result was the 
development of the clinical end-window and 
angle-window probes, which have been used 
successfully on the eyes of patients. These 
clinical counter probes were used in our 
first experiments on animal eyes, but both 
the end-window and the angle-type counters 
proved to be somewhat large for obtaining 
satisfactory readings over the eyes of small 
animals, especially in the guinea pig experi- 
ments. It was felt that a smaller Geiger 
counter was desirable, even for the rabbit 
eye, which 
segment. 


has a much larger anterior 
Hence, much smaller mica- 
window Geiger-counter tube has been devel- 
oped *8 which has greatly facilitated the in 
vivo counting procedure in these animal 
experiments. 
Trans plantation 


a 


E-xperiments.-A__ very 
prominent feature of cancer research during 
the past decade has been transplantation of 
neoplasms of all types—into new sites in 
the same host, into littermates, into animals 
of the same species, and, finally, heterologous 
transplantation from one species to another. 
Some experiments have been done also in 
transplanting neoplasms from one zoologic 
class to another, e. g., animal tumors into 
chickens. All types of primary animal 
tumors have been transplanted homologously 
or heterologously, and in the past few years 
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many human malignant lesions have been 
successfully transplanted into laboratory 
animals. In these studies, host factors and 
factors intrinsic to the neoplasm have been 
separately and collectively studied, methods 
have been standardized, and a great body 
of data has accumulated as to the trans- 
plantability of various types of new growths 
and the conditions that govern this process. 

Most pertinent for our purposes have 
been the studies of Green and his collabora 
tors at Yale, who developed the method of 
intraocular transplantation and have studied 
the behavior of a great many animal and 
human tumors when transferred in this 
way.**45) Their work, as well as that by 
others, has shown that a consistent rela 
tionship exists between the degree of 
malignancy and the transplantability of a 
tumor. As Greene ** explains it, a malig 
nant tumor remains in a state of “depen 
dency” on factors in the host to a certain 
stage of its development, when it becomes 
“autonomous” and can continue to grow and 
propagate itself independent of environmen 
tal conditions in the host. Autonomy and 
ability to metastasize, as well as transplant- 
ability, apparently are manifestations of the 
same phenomenon, Towbin ***4° designates 
this the “growth momentum”; this governs 
the rate of enlargement, infiltration, and 
metastasis, which indicate the degree of 
malignancy of the tumor. Heterologous 
transplantability is especially dependent on 
acceleration of growth momentum. During 
arly stages of neoplasia, 
transplantation frequently fails because 
growth momentum is low. Later, when 
growth momentum has increased and infiltra- 
tion and metastasis have occurred, heterol- 
ogous transfer of the tumor is more often 
successful. 

In the experiments to be described here, 
neoplasms grown in the anterior chambers 
of the animal eyes were primary animal 
tumors. The Murphy lymphosarcoma, the 
Brown-Pearce carcinoma, and the S-91 
mouse melanoma offered the most suitable 
material. A strain of glioblastoma was also 
induced by implantation of 3-methylcholan- 


heterologous 
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into 


threne the cerebrum of white rats. 
When transferred to the anterior chamber 
of the eye, 75% of the transplants grew 
satisfactorily. 

Production of Experimental Ocular Tu- 
mors.—-Preparation of Transplant: 
mediately after the tumor specimen is 
obtained, it is refrigerated in a sterile Petri 
dish. Portions for 


Im- 


transplantation are 
selected somewhat away from the surface, 
well into the cellular portion of the 
neoplasm. portion is subjected to 


microscopic histologic study before trans- 
plantation, 

Technique of Transplantation: Introduc- 
tion of tumor tissue the anterior 
chamber of carried out 
essentially according to the technique devel- 
oped by Greene.** Animals were anesthetized 
with pentobarbital (Nembutal) administered 
intraperitoneally in the guinea pigs and rats 
and intravenously (into the ear vein) in 
rabbits. The eye was fixed, and a small 
keratome was introduced into the anterior 
chamber at the 6 o’clock position. This por- 
tion was chosen, since the tumor can best 
be observed growing at the 12 o'clock posi- 
tion. If the tumor was of firm consistency, 
it was introduced into the anterior chamber 
with a small lens forceps, and if the con- 
sistency was spongy, a trocar was inserted 
through the wound and the injection was 
made with a syringe. Sterile conditions 
were maintained, an important feature in 
success of the procedure. After its inser- 
tion, the tissue fragment was massaged into 
the anterior chamber angle at the 12 o'clock 
position by pressure on the corneal surface 
with an iris spatula. 


into 


animals’ eyes is 


Animals were observed 
regularly in order to follow the progress of 
neoplastic growth in the anterior chamber. 
Anterior chamber tumors evolve through 
three stages *®: suspension, while the frag- 
ments lie loosely in the anterior chamber; 
nidation, when the fragment organizes and 
becomes attached to the iris, with vasculari- 
zation, and growth, when the tumor in- 
creases in size by multiplication of cells 
and increased vascularity. 
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Observation : 


In our experi- 
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Fig. 1—Brown-Pearce carcinoma in the anterior 
chamber of a rabbit eye. 


ments, the Murphy lymphosarcoma was 
transferred successfully to both guinea pigs 
and rabbits. The Brown-Pearce carcinoma 
(supplied by Dr. Harry Green) is advan- 
tageous for experimental work because of 
its rapid and easy growth. In the rabbit 
eye, retransplants from this tumor afforded 
a ready supply of neoplastic material 
(Fig. 1). The S-91 melanoma grows slowly 
but also provides practically 100% yield of 
tumor tissue for investigation. 

Growth of tumor in the anterior chamber 
is satisfactory for in vivo determinations 
of radiophosphorus uptake when tumors are 
about 5 to 15 mm. in diameter. Most of 
these tumors grew in the anterior chamber, 
but in some guinea pig eyes, tumor frag- 
ments became lodged behind the iris and 
grew in the region of the ciliary body and 
posterior segment, 


II. Comparison of Uptake of Radioactive 
Phosphorus in Neoplastic and Normal 
Ocular Tissue 


I’xperiments were carried out to deter- 
mine (1) 
malignant and normal tissue as a function 
of tinie or the rate of uptake of radioactive 
phosphorus by these various tissues, (2) the 
distribution of radioactivity in the neoplastic 
growth compared to normal tissue at a given 
time after injection of P%*, and (3) the 
relationship between radioactive uptake and 
neoplastic growth, by comparison of in vivo 
radioactive counts with histologic studies. 


the levels of radioactivity in 
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Fig. 2—Geiger-counter probe over anterior 
chamber of rabbit eye containing Brown-Pearce 
carcinoma. 


Fig. 3.—Histologic sec- 
tion of eye containing 
Brown-Pearce carcinoma 
in the anterior chamber ; 
reduced about 10% from 


mag. X 90. 
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Methods.—\n Vivo Counting Procedure : 
The animal was anesthetized by injection of 
thiopental (Pentothal) sodium. After pre- 
liminary checking of the counting apparatus, 
counts were begun immediately after injec- 
tion of the P* (0.05pue. per gram of body 
weight) by placing the special small mica- 
window Geiger-counter tube in direct con- 
tact with the eye, over the neoplasm in the 


anterior chamber (Fig. 2). (Histologic 
section of the eye shown in Figure 2 is 


reproduced in Figure 3.) Measurement of 
radioactivity was continued for one-half to 
one minute in this location, and the count 
was recorded. The counter was then moved 
to an uninvolved portion of the eye as far 
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removed from the tumor site as possible, 
or to the other normal eye, and a similar 
count was taken. Counts were measured at 
specific intervals, usually within a minute 
after injection, and continued until some 
stability was obtained. After the peak of 
radioactivity was reached (usually within 
15 to 20 minutes after injection), the time 
interval between counts was_ lengthened. 
Comparative counts were then repeated at 
intervals up to three days after injection of 
the radioactive phosphorus. From these re- 
sults, curves were plotted with the time 
interval as the abscissa and _ radioactive 
counts per minute as the ordinate. The 
variation in counts for tumor and _ for 
normal tissue, as a function of time, was 
plotted on ordinary graph paper, and the 
ratio of tumor-tissue to normal-tissue counts, 
determined at various times, was calculated. 

In Vitro Counting Procedure: The eye 
was enucleated and immediately sectioned 
through the tumor. One-half of the speci- 
men was used for preparation of histologic 
sections. From the other half of the eye, 
samples of tumor, sclera, or uveal tract 
were obtained for assay of radioactivity. 
Such counts must be made on fresh speci- 
mens, for if tissues are allowed to remain in 
fixative for any length of time, there is 
loss of radioactivity by leeching. 

The aliquots were weighed wet (wet 
weights of tumors ranged from 0.3 to 0.8 
gm.) and placed in porcelain counting 
dishes, dissolved in concentrated nitric acid, 
and then dried, thus yielding thin flat speci- 
mens. After drying, samples were counted 
under identical conditions, with use of a 
conventional laboratory Geiger counter. Re- 
sults were recorded, after correction for 
background radiation, in counts per minute 
per gram of sample. Ratio of these values 
for tumor to normal tissue was then 
calculated. 

Tissue Geometry: In many of the curves 
illustrated below there is a great variation 
in amount of radioactivity accumulated in 
different tumors and in various areas of the 
same tumor. This difference in radioactive 


156/470 


Counts per minute 


30 40 50 60 1 
ime after injection ay 


Figure 4 


accumulation is due in part to a factor of 
tissue geometry. 


Relative counting efficiencies of various 
geometric placements of the counter over 
the tumor-bearing eye (Brown-Pearce car- 
cinoma in the rabbit eye) show the maxi- 
mum uptake at the site of tumor protrusion, 
with approximately 20% decrease at a 90- 
degree radial variation in both directions 
(Fig. 4). All three sites, however, have 
exhibited an increase of 100% or more over 
the counting rate of the normal eye, indicat- 
ing that in this instance either the tumor 
is sufficiently large or the uptake is so 
widespread that requirements of exact 
geometric placement are not so rigid as in 
smaller eyes with other types of tumors. It 
is interesting that this differential is main- 
tained even to 24 hours after injection and 
that at that time the maximum recording 
site may still be identified with its 20% 
increase over adjacent areas. 


Since the P*? diffuses readily from the 
vascular system into tissue space, a con- 
tinuously changing tissue geometry is pre- 
sented to the Geiger counter. Thus, the 
curve presenting the in vivo P** counting 
rate shows a continually changing ratio 
between the P** in the vascular system and 
that in tissue space. As the P*%? diffuses into 
the tissue, the geometric efficiency increases 
because of the inverse square law, and so 
a small diffusion into tissue space may 
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TABLE 1.—In Vitro Radioactive Counts After P™ Injection in Transplanted Ocular Tumors 


Animal 


Rabbit 94 


Rabbit 23 


Rabbit 9 


Guinea pig 2 


Tumor 


Lymphosarcoma 


Lymphosarcoma 


Lymphosarcoma 


Lymphosarcoma 


Thomas et al. 


Specimen 


Wet 
Tumor & cornea 


Cornea 
Iris 


Sclera 


Dry 
Tumor 
Cornea 
Iris 


Sclera 


Wet 
Tumor 
Cornea 
Sclera 


Iris 


Dry 
Tumor 
Cornea 
Sclera 


Iris 


Wet 
Tumor 
Cornea 
Iris 


Sclera 


Dry 
Tumor 
Cornea 
Iris 


Sclera 


Wet 
Cornea 
Tumor 
Sclera (near tumor) 


Sclera (far from 
tumor) 


Dry 
Cornea 
Tumor 
Sclera (near tumor) 


Sclera (far from 
tumor) 


Counts/ 


Min. 


82 


67 


Counts/ 
Min/ 
Gm, * 
5,900 


3,420 
6,330 


4,930 
26,400 
12,380 
27,800 


11,980 


11,970 
4,000 
2,500 


9,650 
55,400 
12,000 

9,650 


35,600 


35,600 
14,530 
22,400 


7,480 


50,400 
16,770 
56,000 


9,370 


51,400 
59,400 
31,700 


19,600 


59,500 
65,000 
51,200 


27,200 


Ratios 


Wet 
Tumor & cornea: 
cornea, 
1.725:1 
Tumor: iris, 
0.933:1 
Tumor: sclera, 
1.198:1 
Dry 
Tumor: cornea, 
2.135:1 
Tumor: iris, 
0.950:1 
‘Tumor: sclera, 
2.2:1 


Wet 
‘Tumor: cornea, 
2.98:1 
‘Tumor: sclera, 
4.75:1 
Tumor: iris, 
1,24:1 
Dry 
Tumor: cornea, 
4.6:1 
Tumor: sclera, 
5.74:1 
Tumor: iris, 
1.56:1 


Wet 

‘Tumor: cornea, 
2.41:1 

Tumor: iris, 
1.56:1 

‘Tumor: sclera, 
4.78:1 


Dry 
‘Tumor: cornea, 
3.00:1 
Tumor: iris, 
0.90:1 
Tumor: sclera, 
5.38:1 


Wet 
Tumor: cornea, 
1.155:1 
Tumor:sclera 
(near tumor), 
1.68:1 
‘Tumor: sclera (far 
from tumor), 


3.03:1 
Dry 
‘Tumor: cornea, 
1.09:1 


‘Tumor: sclera 
(near tumor), 
1.27:1 
‘Tumor:sclera (far 
from tumor), 
2.39:1 


Immature 


Histologic 
Findings 


Mass of lymphoid cells 


in edematous richly 
vascularized connec- 
tive tissue; no ne- 
crosis; no radiation 
effect detected 


Richly vascularized col- 


lagenous connective 
tissue with collections 
of immature’ lym- 
phoid cells 


lymphoid 
cells in several masses 
of discrete lympho- 
cytes; in anterior 
chamber, attachment 
of neoplasm to ciliary 
body iris; some pu- 
rulent inflammation 


Tissue mass in anterior 


chambr partly com- 


posed of discretely 
arranged groups of 
immature lymphoid 


cells with vesiculated 
nuclei; some inflam- 
matory changes; oc- 
casiona] mitosis 
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82 
27 
50 
67 
$8.5 
24 
27 
= 46.3 
24 
27 
|_| 46.3 
60.5 
21.8 
78.4 
53 
60.5 
78.4 
25.3 
113 
344 
338 
344 
338 
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Tase 1.—In Vitro Radioactive Counts After P™ Injection in Transplanted Ocular Tumors—Continued 


Animal 


Guinea pig 5 


Rabbit 26 


Rabbit 49 


Guinea Pig 42 


Guinea Pig 31 


Guinea Pig 49 


Tumor 


Lymphosarcoma 


Brown- Pearce 
carcinoma 


Brown-Pearce 
carcinoma 


Human retino- 
blastoma 


Human cylin- 
droma of lung 


Human scirrhous 
carcinoma of 
breast 


Specimen 


Wet 
Tumor 


Tumor (posterior) 

Tumor (necrotic 
center) 

Sclera (invaded by 
tumor) 

Dry 

‘Tumor 

Tumor (posterior) 

Tumor (necrotic 
center) 

Sclera (invaded by 
tumor) 


Dry 
Tumor 
Sclera 


Dry 
Tumor 
Sclera 


Dry 
Tumor 


Normal eye 


Dry 
‘Tumor 
Normal eye 


Wet 
Tumor 
Cornea (tumor eye) 


Sclera & cornea 

(tumor eye) 

Cornea (normal 
eye) 


Sclera & choroid 
(normal eye) 
Dry 
Tumor 


Cornea (tumor eye) 

Sclera & choroid 
(tumor eye) 

Cornea (normal 
eye) 


Sclera & choroid 
(normal eye) 


Counts/ 
Min. 
370 


154 
576 


576 


359 
513 


48 


184 


1,121 


Counts/ 
Min/ 
Gm. * 


21,500 


17,100 
20,000 


12,600 
75,500 
55,000 
75,000 


25,200 


$4,220 
5,630 


6,728 
2,792 


1,014 
1,197 
805 
847 


25,982 
16,352 


51,286 
49,800 

Sil 
14,600 


17,200 


179,500 


121,700 


5,720 


40,900 


11,000 


Ratios 


Wet 
Tumor: sclera, 
17:1 


Dry 
Tumor: sclera, 


Dry 
Tumor: sclera, 
61:1 


Dry 
Tumor: sclera, 
2411 


Dry 
Tumor: normal eye, 
1.341 


Dry 
Tumor: normal eye, 


Wet 
Tumor: cornea 
(tumor eye), 
1.02:1 


Tumor: cornea 
(normal eye), 
3.46:1 


Dry 
Tumor: cornea 
(tumor eye), 
1.5:1 


Tumor: cornea 

(normal eye), 
4.0:1 

Tumor: sclera, 
1.6:1 


Histologic 
Findings 


Viable sarcoma 


Tumor occupies anter- 


jor chamber & con- 
sists of diffuse sheets 
& masses with some 
regions of hemorrhage 
& necrosis; nuclei in 
general are large & 
vesicular; cells show 
active mitosis 


* All counts were made with dry samples, but counts/min/gm. were determined for both wet and dry weights. 
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Rabbit *94:Ly mphosarcoma 
Normal Eye 
2400 Tumor Eye °-~~° 
22000 
1860 
Fig. 5. — Pattern of 
$1200 lymphosarcoma in rabbit 
S goof ™ 
400 
2 
10 30 50 70 90 tO 130 if z 3 4 
Minutes Days 


Time after P®* injection 


represent a higher counting rate than a 
larger concentration from the deeper vascu- 
lar bed. Difference in absolute levels may 
therefore represent either a larger concen- 


various patterns of uptake response. In 
every tumor studied, the in vivo measure 
ments indicated a more rapid uptake (1.5 
to 6 times greater) of radioactive phospho- 
tration or merely a more favorable tissue rus by the tumor than by normal uninvaded 
geometry when the P** has reached a closer eye tissue. These 
proximity to the counter. 
Results.—Comparative in vivo and in vitro 
measurements of radioactivity were made in 


results were confirmed 
by in vitro measurements of both the wet 
and the ashed, or dry, fragments, again with 
values 1.5 to 6 or 7 times the average uptake 
the eye tumor and in normal ocular tissues per gram of normal tissue. 


In general, 
in 25 rabbits and 25 guinea pigs with trans- 


curves of counts per minute (corrected for 
planted tumors of various types, and in vivo — physical decay of P**) plotted against time 
counts were made on many additional ani- of observation showed an initial rapid rise, 
mals. Table 1 contains the data on 10 experi- — reaching a maximum within 10 to 12 minutes 
ments, which are typical of the entire series, after injection, and then a decline, perhaps 
and the curves in Figures 5 to 9 illustrate the — rapid at first, followed by a slow decline 


Lf 
Rabbit” 93:Anterior Lymphosarcoma 
Normal Eye *—* 
Tumor Zye °--~° 
2000 |- 
4 
ey, 
Fig. 6. — Pattern of & 1500 of — ae 
eye. 
. 
3 500 
10 20 30 40 50 60 70 80 1 > 
Minutes Days 


Time after P®* injection 


Thomas et al. 
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Normal Eye *—* 
Tumor Eye 


Rabbit “49: Brown Pearce Carcinoma 


120 


° 
° 


Counts pe 
» 
coo 


Fig. 7. — Pattern of 


10 20 30 A0 50 


Minutes 


~~ radiophosphorus uptake in 
Brown-Pearce carcinoma 
in rabbit eye. 
Days 


Time after P®* injection 


Rat “3: Glioma 
Normal Eye 
Tumor Eye 


— 


2200 
1800F; 
Fig. 8. — Pattern of 2 1400 | 
radiophosphorus uptake in 
glioblastoma in rat eye. ,, 1000 ‘q 
a 
» 600} 
200 
0 1 1 
10 20 


30 40 50 60 70 


80 9 1 3 


Minutes 


Time after P®* injection 


extending over several days. During the 
initial rise in radioactivity immediately after 
injection, the blood levels of P%* also were 


high. It appears likely that during these 
Mouse*1: Melanoma 
Normal 
Tumor 
5000; | 
| | 
3 
* 2000} 
5 1000 
2 30 40 50 60 


Minutes Days 
Time after P32 injection 


Fig. 9.—Pattern of radiophosphorus uptake in 
melanoma in mouse eye. 
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first 10 to 12 minutes, the high counts are 
dependent largely upon vascularity of the 
tissue concerned. However, after the in- 
jected phosphorus becomes 
mixed with the phosphorus of the body and 
the metabolic processes begin to establish 
equilibrium in phosphorus exchange, the 
curves of uptake decline and 
gradual pattern of decay. 

In Rabbit 94 (Fig. 5), with transplanted 
lymphosarcoma in one eye, the curve in 


radioactive 


follow a 


both eyes displayed almost identical patterns, 
with initial rapid uptake and gradual decay, 
but radioactive throughout were 
significantly higher in the eye containing the 
tumor. In Rabbit 93 (Fig. 6), the curve 
is somewhat different, but the general ratio 
between normal and tumor eye is_ similar. 


counts 
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Guinea Pig* 5: Lymphosarcoma 
Normal Eye *~ 
7000|— Tumer Eye 
6000;- 
2 
5000;-- 
Fig. 10.— Pattern of S ¥ 
radiophosphorus uptake in 4000}- 
lymphosarcoma in guinea Q 
pig eye. 3000- 
1000}- 
° 10 20 30 40 50 60 l 2 3.4 5 
Minutes Days 


The more gradual rise in counts of the 
normal eye than of the eye with lymphosar- 
coma may possibly be explained by the fact 
that excessive vascularity accompanying the 
neoplastic growth may have increased the 
initial uptake of  radiophosphorus in 
the cancerous eye. This tumor was situated 
well into the base of the iris and ciliary body. 

In rabbits with anterior chamber growths 
of the Brown-Pearce carcinoma (Fig. 7), 
the pattern of radioactive phosphorus up- 
take was similar. This was also the case 
with the rat glioblastoma (Fig. 8) and the 


Thomas et al. 


Time after P®? injection 


S-91 melanoma (lig. 9). There was a rapid 
rise in both tumor and normal curves, with 
the tumor reaching a higher level and main- 
taining this differential throughout — the 
period of decay. 

In Guinea Pig 5 (Fig. 10), the slow 
increase in P** uptake by the tumors and 
in the normal eye tissue is explained by 
the fact that these animals received the 
radioactive phosphorus intraperitoneally; 
this resulted in slower absorption by the 
tissues. The high count in Guinea Pig 5 
(Fig. 10) at the end of 24 hours was at- 


Fig. 11. — Histologic 
section of eye, showing 
tumor situated well into 
the base of the iris and 
anterior chamber. 
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tributable to an iritis initiated by trauma 
and to the fact that equilibrium in phospho- 
rus exchange had not yet been attained. 
Later, the curve assumed the normal pat- 
tern. On histologic section, this tumor was 
found to be situated well into the base of 
the iris and anterior chamber (Fig. 11). 

In the in vitro measurements, counts on 
ashed specimens were a little higher than 
the wet measurements, but in the majority 
of experiments both showed significantly 
higher radioactivity in the tumorous portion 
of the eye. In two tumorous eyes examined 
(Rabbits 94 and 9) the radioactive count 
of tumor tissue was less than in the iris. 
The presumed explanation is that the phos- 
phorus turnover of this uveal tissue is high 
and simulates that of rapidly growing or 
rapidly dividing cells. In vitro counts in 
Guinea Pig 2 (Table 1) showed a high 
count for the cornea, with consequent reduc- 
tion in ratio of tumor count to cornea 
count. This tumor had completely filled the 
anterior chamber, and neoplastic cells had 
already infiltrated the cornea. 

These experimental results appear to fol- 
low the same pattern established by dif- 
ferential counts over tumors and other 
lesions in clinical studies on patients’ eyes. 
Each tumor appears to possess a charac- 
teristic phosphatide turnover, independent 
of pathologic type and independent of 
phosphatide metabolism in the host. Maxi- 
mal deposition of phosphatides (P%*) in 
neoplastic tissues may vary from 10 to 50 
hours, as revealed in both in vivo and in 
vitro studies. 


III. Effect of Vascularity on Radioactive 
Uptake in Neoplastic, Inflammatory, and 
Normal Ocular Tissue 


The effect of vascularity upon the uptake 
of P®? by neoplastic, as compared to normal, 
tissue has been the subject of considerable 
speculation. Obviously, with greater vas- 
cular supply the tissue is exposed to more 
radioactive material and also has a greater 
capillary area for diffusion of the phosphate 
ion across the membrane into the tissue 


itself. Either of these mechanisms may 
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result in higher deposition. In curves of 
radioactive uptake, the initial rapid rise, or 
that occurring during the first five minutes 
of observation, is thought generally to be 
due to vascularity. 

Hence, this second phase of the study of 
uptake of radioactive phosphorus in experi- 
mental tumors deals with this problem by 
comparing the uptake of P%? by malignant 
tissue with that by inflammatory ocular tis- 
sue and by studying the influence of vas- 
cularity upon the uptake of radioactive 
phosphorus in normal, inflammatory, and 
neoplastic tissues. 

Three sets of experiments were carried 
out: 

1. Inflammatory corneal lesions were pro- 
duced, and uptake studies were carried 
out over the lesions and simultaneously over 
normal ocular tissue; the pattern of ac- 
cumulation was plotted against the element 
of time. 

2. Perfusion studies were performed on 
eyes containing anterior chamber neoplasms. 
Comparative radioactive counts were made 
over both the neoplasm and the normal 
ocular tissue. 

3. Comparative measurements of the up- 
take of and iodinated serum 
albumin were made over tumor tissue, 
normal tissue, and blood. This tagged 
(1'8) plasma was primarily distributed in 
the vascular system, 

1. Vascularized Corneal Inflammatory 
Lesions.—Vascularized corneal inflamma- 
tory lesions induced on the external surface 
of the eye were used for comparative 
measurements of radioactive uptake in order 
to observe the effect of vascularity upon the 
uptake of radioactive material in general. 
The eye of the albino rabbit was anesthetized 
with 0.5% tetracaine (Pontocaine). A 
cotton applicator dipped in 10 M_ sodium 
hydroxide was applied to the cornea at 
four- to five-day intervals; this produced a 
granulomatous lesion which was somewhat 
raised and heavily vascularized (Fig. 12). 
After this lesion had become well estab- 
lished, radioactive uptake determinations 
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Fig. 12.—Inflammatory lesion of the cornea of 
a rabbit. 


were made by the same in vivo counting 
procedure used in the first phase of the 
study. Similar graphs were made for varia- 
tion in counts for the inflammatory lesion 
and for normal tissue as a function of time. 

Results —Comparative measurements in 
vivo of radioactivity over the inflammatory 
lesion and over normal tissue made in five 
rabbits were very consistent in every case. 
Figure 13 illustrates the typical pattern of 
uptake response. There is an initial rapid 
rise in radioactivity immediately after in- 
jection of the P**, reaching a maximum in 
approximately 5 minutes, with a general 
decline thereafter, reaching the normal up- 
take curve in about 20 minutes. Afterward, 
the two radioactive levels run a_ parallel 


course throughout the two-day study. The 
high counts during the first five minutes 
after injection of radioactive phosphorus are 
presu ned to depend largely upon vascularity 
present in the tissue concerned. This ap- 
pears to be the case in this group of experi- 
ments, for the lesions over which counts 
were made were richly vascularized and 
contained only inflammatory tissue. The 
injected radioactive phosphorus — rapidly 
reached an equilibrium with that already in 
the tissues, and the pattern of radioactive 
accumulation became similar in both the 
normal and the inflamed tissues. This ap- 
parently demonstrates that the influence of 
vascularity upon the radioactive accumula- 
tion after the injection of P*? is evident 
during the first 20 minutes and that the 
factor of vascularity accounts for the rapid 
initial and short-lasting rise in radioactive 
accumulation. 

2. Perfusion Studies.— Rabbits with 
Brown-Pearce carcinomas occupying about 
one-third of the anterior chambers of both 
eyes were used for perfusion experiments. 
One of the terminal branches of the external 
carotid in the rabbit, namely, the internal 
maxillary artery, passes to the orbit through 
the anterior sphenoidal foramen in the root 
of the lateral lamina of the pterygoid 
process, giving off the inferior alveolar 
artery to the mandible and the inferior 
ophthalmic artery. The latter passes upward 
and forward on the medial wall of the orbit 
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Rabbit *69: Inflammatory Lesion 
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| 

Normal Eye 
Inflammatory Eye *-~~ | 


Fig. 13.— Pattern of 2 
radiophosphorus uptake in 2 3000 }— | 
normal rabbit-eye tissue 
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to the structures of the eye*! (Fig. 14). 
The vascular pattern in the anterior cham- 
ber neoplasms was outlined by injecting 
barium solution into the perfusion system. 
Figure 15A shows the fine interlacing ves- 
sels containing radiopaque material and 
Figure 15B an associated drawing of this 
vascular pattern. 

Two methods of perfusion were con- 
sidered: (1) use of a buffered saline solu- 
tion and (2) perfusion of the animal after 
injections of red cells tagged with Cr®! into 
the blood stream. Red blood cells of the 
rabbit were found to retain 86% of their 
radioactivity after the three washings pre- 


OPHTHALMOLOGY 


Figure 15 


Fig. 14.—Branches of the common carotid artery 
of the rabbit. 


Fig. 15.—A, radiograph of rabbit eye containing 
anterior-chamber Brown-Pearce carcinoma, given 
injection with radiopaque material (barium sulfate- 
gelatin mixture), showing vascular pattern out- 
lined. B, drawing of outlined vascular pattern 
shown in A. 


scribed. Preliminary experiments showed 
that loss of radioactivity is approximately 
the same, regardless of the method employed 
(Fig. 16). This dictated choice of the 
simpler method, i. e., perfusion with a 
balanced salt solution of the animal eye 
in which the neoplasm was situated. 

The eye chosen for perfusion was usually 
the one with the smaller amount of hemor- 
rhage and the one showing the more 
satisfactory vascular pattern. Perfusion was 
begun at intervals on the uptake curve of 
¥Y, hour, 1 hour, and 24 hours after injec- 
tion of phosphorus. These 
intervals were chosen to correspond to the 


radioactive 


Fig. 16—Perfusion of 
normal rabbit eyes fol- 
lowing injections of red 
cells tagged with Cr™ 
into the blood stream. 


Counts per minute 


1 
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readings made clinically in cases of sus- 
pected intraocular tumor. The rapidity with 
which the P%* became bound in the tissues 
could then be judged from the effect that 
perfusion of the tumor had upon the 
measured amount of radioactivity. 

The animal was anesthetized with pen- 
tobarbital sodium containing 0.2 ml. of 
heparin (to prevent coagulation in the per- 
fusion circuit). After a preliminary check 
of the counting apparatus, the animal was 
given intravenously (ear vein) an injection 
of a solution of sodium phosphate contain- 
ing P8* (0.5 me. per gram of body weight). 
Counts were begun immediately over the 
tumor in each eye and over a portion of the 
sclera that was free of neoplastic tissue. 
The measurements of radioactivity were 
continued for % minute in these locations, 
and the counts were recorded, These results 
were plotted on graph paper, as in the first 
phase of this investigation. 

The common carotid artery on each side 
of the trachea was exposed and _ isolated 
for a distance of approximately 1 in. 
Similar exposure of the jugular vein was 
made only on the side chosen for perfusion. 
In the animals used for one-half-hour and 
one-hour studies, the procedure was facili- 
tated if the carotids and jugulars were 
exposed before or soon after the P%* was 
injected, thereby saving time when perfu- 
sion was started. The upper portion of the 
thorax was then opened, and all branches 
of the aorta were ligated, except the com- 
mon carotid artery on the side to be 
perfused. This ligation was done to prevent 
any cross circulation either by way of 
anastomosis or by way of the vertebral 
arteries. The carotid artery 
proximal to the site of perfusion was ligated, 
and a cannula was inserted in the artery. 
The perfusion was then begun, with use of 
a balanced salt solution as the perfusing 
fluid. This was carried out at 85-90 mm. 
of mercury for a period of approximately 
60 to 70 minutes. Immediately after this 
arterial perfusion had been started, the 
jugular vein on the same side was can- 
nulated to secure the venous return. This 


common 
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resulted in a circuit of perfusion that was 
as closed as could possibly be obtained 
except by perfusion of the eye directly. 

Since the unperfused tumor was to af- 
ford some means for standard comparison, 
this was kept as free as possible from 
perfusion. Ligation of the common carotid 
on this side did not seem sufficient, so a 
fixing substance (barium sulfate-gelatin 
mixture) was injected into this side of the 
arterial system, thereby preventing any cir- 
culation in this circuit.4% To prevent any 
transfer of barium solution via the col- 
laterals to the other side of the perfusion, 
pressure was temporarily increased during 
the barium injection so that the perfusion 
pressure was greater than the pressure on 
the injected barium stream. 

Counts were made every 15 minutes over 
the intraocular tumors and over the normal 
sclera in eye. 
plotted as _ before, 


each These results were 
showing variation in 
counts for tumors and for normal tissue 
as a function of time and the ratio of tumor- 
tissue to normal-tissue counts at various 


time intervals corresponding to times used 


for counting measurements in clinical 
diagnostic tests. 

Results.—Results of perfusion studies 
are illustrated in Figures 17 to 20 and in 
Table 2, which shows the ratio of the 

Perfused Eye Tumor>—° Normal 
Non: perfused Eye Tumor 4--4 Normal 4---4 

1000+ 
v 4 
2 8001 
4 
& 600+ 
& i § 
400; 

S$ 200) 
d 4 1 4 4. 
10 20 30 40 50 60 


Minutes after injection 


Fig. 17.—Pattern of radiophosphorus uptake in 
nonperfused normal and in neoplastic tissue (Brown- 
Pearce carcinoma) and in perfused normal and 
neoplastic tissue. Perfusion was begun 10 minutes 
after injection of P™. 
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20 30 40 50 60 70 8 
Minutes after injection 

Fig. 18.—Pattern of radiophosphorus uptake in 
nonperfused normal and neoplastic tissue (Brown- 
Pearce carcinoma) and in perfused normal and 
neoplastic tissue. Perfusion was begun 25 minutes 
after injection of P™. 


o 


nonperfused to the perfused eye at the 
beginning and end of perfusion. 

Figure 17 shows the radioactive accumula- 
tion in both the perfused and the non- 
perfused eye and the manner in which these 
curves were influenced when the perfusion 
was begun 10 minutes after injection of 
the radioactive phosphate. At this curve 
level, P*? started to leave the vascular 
system and continued its exit by way of 
the buffer solution for the 60-minute time 
interval. At the time perfusion is started, 
the uptake curves appear normal, the ratio 
of tumor count to normal count being 2.0 
for the nonperfused eye and 1.85 for the 
perfused eye (Table 2). The ratio of the 


14007 A 
4 
Fig. 19.— Pattern of 12004 
radiophosphorus uptake in 4 
nonperfused normal and 4 1000; 
neoplastic tissue (Brown- ¢ 
Pearce carcinoma) and in 3 800 ; 
perfused normal and neo- § 1 
plastic tissue. Perfusion 600 
was begun 55 minutes 2 1 
after injection of P™. 5 4007 
4 


Perfused Eye Tumor Normal 
Non-perfused Eye Tumor 4--4 Normal 4---4 


200- 
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Non-perfused Eye Tumor Normal*#--4 
1000} Fig. 20.— Pattern of 
radiophosphorus uptake in 
7 soo} “a nonperfused normal and 
el| |---------- neoplastic tissue (Brown- 


Pearce carcinoma) and in 
perfused normal and neo- 
plastic tissue. Perfusion 
was begun 24 hours after 
injection of P®. 
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TABLE 2.—Measurement of Radioactivity, Ratio of 
Nonperfused Eye to Perfused Eye 


Time After Injection of 
P** to Start of Perfusion 


10 25 60 24 
Min. Min. Min. Hr. 
sol Nonperfused 2.0 1.75 2.17 2.1 
eye 
perfusion Perfused eye 1.85 2.0 2.34 1.59 
End of Nonperfused 2.38 1.54 2.32 2.8 
Perfused eye 5.6 3.6 2.6 3.3 


count of the nonperfused eye to that of 
the perfused eye over the tumor is only 1.05, 
while the normal is 0.97. These figures 
show the variation due to “tissue geometry” 
and are similar, as would be expected. 
Within 15 minutes after the start of perfu- 
sion, the curves have started their decline. 
The nonperfused eye shows a gradual and 
normal type of decrease in radioactive out- 
put, both over the tumor and over the 
normal portion of this eye. The perfused 
eye shows a more rapid drop in radioactivity, 
reaching a very low level, especially over 
the normal portion, at the end of the one- 
hour perfusion. The ratio of tumor count 
to normal count in the nonperfused eye has 
changed to 2.38, while in the perfused eye 
it has greatly increased to 5.6. The tumor 
ratio of the nonperfused eye to the perfused 
eye (Table 3) has increased slightly to 1.27, 
and the similar normal ratio has changed to 
3.0. The increased ratio of tumor count to 
normal count from the beginning to the 
end of perfusion shows an increase in out- 
put of the P%* by the perfusion technique, 
which presumably is due to phosphate not 
yet metabolized by the tissue. The changed 
ratio (2.0:2.38) of tumor count to normal 
count in the nonperfused eye at the begin- 
ning and end of perfusion is most likely 
due to collateral circulation. The 
slight increase in ratio of counts over the 
tumor of the nonperfused eye to that of 
the perfused eye from 1.05 to 1.27 indicates 
that phosphorus is bound in the neoplasm 
and that this radioactive material is removed 
with difficulty by perfusion. This 


some 


is in 
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sharp contrast metabolically to the similar 
ratio for normal tissue, which changes from 
0.97 to 3.0, indicating that here the phospho- 
rus is not so rapidly utilized and is still, 
in contrast, largely free in the circulation. 

Curves in Figure 18 show the effects on 
radioactive accumulation of the perfused 
and nonperfused eye, over tumor and nor- 
mal tissue, when perfusion is started 25 
minutes after injection of radioactive phos- 
phorus. Until the beginning of perfusion, 
both tumor and normal-tissue curves show 
a rapid rise, reaching a peak during the 
first 5 minutes after injection of the P*, 
with the decline beginning at the 10-minute 
point. Accumulation curves in Figure 18 
again demonstrate a marked similarity in 
perfused and nonperfused eyes. Parallel 
decline in these two curves and the ap- 
proximately equal differential values at the 
start and at the end of perfusion are 
significant. The similar figures in nonper- 
fused and perfused eyes with respect to 
tumor tissue (Table 3) show that more 
P*? has been bound in the neoplasm than 
was seen in the 10-minute curve and hence 
less phosphorus could be recovered by per- 
fusion. The increased ratio in the normal 
eye tissue at the end of perfusion indicates 
that here much of the injected phosphorus 
was still free in the blood stream and could 
be removed by perfusion. 

Figure 19 the radioactive ac- 
cumulation in the perfused and nonperfused 
eyes, both in the tumor and in normal tissue, 
when perfusion was begun approximately 
one hour after the injection of radioactive 
phosphorus. During the first hour, these 
output curves follow the expected pattern. 


shows 


TABLE 3.—Mcasurement of Radioactivity, Ratio of 
Tumor to Normal Tissue 


Time After Injection of 
P ** to Start of Perfusion 


25 60 24 

Min. Min. Min Hr, 

Beginning of | Tumor 1.05 0.91 1.45 1.38 
perfusion { Normal 0.97 1.06 14 1.3 
End of { Tumor 127) 0838) «18 
perfusion \ Normal 3.0 1.7 2.06 14 
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As in the previous experiments, the greatest 
variable is the drop in radioactive accumula- 
tion in the perfused normal eye. Shortly 
after the start of perfusion, this takes a 
rather definite decline, indicating that there 
is still considerable “free” or unbound 
phosphorus in the vascular system, The 
phosphorus can be removed in part from 
the normal tissue by perfusion but not to 
any degree from the tumor tissue. 

When perfusion was started 24 hours 
after the injection of radioactive phosphorus 
(Fig. 20), calculations of radioactivity again 
follow the expected pattern for the first 
24 hours, dropping somewhat in value but 
with the anticipated ratios (Tables 2 and 3). 
There is essentially no change in either the 
nonperfused or perfused tumor measure- 
ment. The only essential difference is again 
the drop in the normal curve for the per- 
fused eye. This indicates as in the preceding 
experiments an exit of the radioactive 
phosphorus in the vascular system by way 
of the perfusion solution. 

3. Comparison of Uptake of P** and 
lodinated Serum Albumin in Tumor and 
Normal Tissue and Blood.—The animal was 
given an intravenous injection of P*? and 
['3! with use of 0.5 mc. of P%* per gram 
of weight and 0.25 me. of I! (iodinated 
human serum albumin) per gram of weight. 
sy means of a Geiger tube (Anton No. 222, 


Rat Glioma 


P-32 Tumor 4--4 
1-131 Blood Tumor 4-4 


> 


8 


Per cent of highest number of counts 


10 20 30 40 50 60 
Minutes after injection 

Fig. 21.—Pattern of radiophosphorus uptake in 
blood and in glioma of the rat. Pattern of iodinated 
serum albumin (I™) distribution in blood and 
glioma of rat. 
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Rat Lymphosarcoma 


P-32 Blood? Tumor+“ 
1-131 Blood*—* Tumor 4-4 


Per cent of highest number of counts 


20.30 40 60 
Minutes after injection 


Fig. 22.—Pattern of radiophosphorus tiptake in 
blood and lymphosarcoma of rat. Pattern of iodi- 
nated serum albumin (1I™) distribution in blood 
and lymphosarcoma of rat. 
the end-window of which was covered with 
lead foil to keep out y-radiation) and a 
scintillation tube, simultaneous counts were 
made over the tumor, with use of a scaler 
which would record both counts on a line 
graph. 

Blood samples were taken at various 
intervals, with use of red blood cell pipettes 
rinsed into metal crucibles containing about 
2 ml. of saline. These samples were dried 
and counted with a conventional Geiger 
counter and a scaler. To calculate the 
amounts of P** and of I'%! in each sample, 
two differential counts were made, one with 
and one without a lead filter. 


For studies in vivo, simultaneous meas- 
urements were recorded by using both a 
% in. probe Geiger counter and a 
% in. probe scintillation counter. Sufficient 
shielding was placed on the end-window of 
the Geiger counter to permit passage of the 
more energetic B-particles of P** while com- 
pletely absorbing the weaker B-emission of 
the I'*! (0.6 mev peak). The y-ray-count- 
ing efficiency of this detector was sufficiently 
low that the recorded curves could be 
interpreted as due entirely to the distribu- 
tion of P** in the tissue. 

In a similar manner, the scintillation 
counter was shielded so as to respond only 
to y-emission, Since the conversion of the 
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Mouse Melanoma 


P-32 Blood? Tumor4-4 
1-131 Blood Tumor4-@ 


Rr cent of highest number of counts 


0 1 1 1 1 


10 20 30 40 50 60 


Minutes after injection 


Fig. 23.—Pattern of radiophosphorus uptake in 

blood and melanoma of mouse. Pattern of iodi- 
nated serum albumin (1"') distribution in blood 
and melanoma of mouse. 
B-particle of P*? to Bremsstrahlung in tissue 
is slight, this detector may be considered as 
responding to the ['! distribution alone. 
The separation of the withdrawn blood 
samples into specific activities of P** and 
131 was accomplished by performing in 
vitro assays with separation by differential 
decay. 

Results —The four composite curves in 
Figures 21 to 24 exhibit several similarities 
throughout: 1. Curves representing the con- 
centration of P*? in blood reach an initial 
peak and fall to lower values as a function 
of time. This indicates that the P** is being 
lost from the circulating blood and that it 
must be accumulating in the soft tissues 
representing the total phosphate space. 

The curve representing the concentration 
of the iodinated (1'') serum albumin is 
much different. The highest concentration 
of this somewhat later, owing to 
mixing in the circulation, and from that time 


occurs 


on exhibits only a slow loss (10% to 20% 
for the first hour after injection). 
These two known distributions assist 


greatly in the interpretation of the in vivo 
curves. Since the iodinated (1'!) albumin 
shows a_ relative circulating 
the in vivo counting rate is 
then a direct reflection of the vascularity of 
the tissue itself. Thus, in the 


stability in 


blood, 


curves 
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representing glioma, 


and 
melanoma (Fig, 21-23), the iodinated (1'*!) 
albumin distribution in blood parallels the 
in vivo counting rate to a pronounced degree. 


lymphosarcoma, 


These in vivo curves may be interpreted 
largely as a representation of vascularity 
alone. The somewhat anomalous results in 
Brown-Pearce carcinoma (lig. 24) may be 
attributed mainly to a difficulty in the in 
vitro blood sampling. 
With the dashed line 
in vivo P* distribution, these curves con- 
tribute the larges. amount of information. 
Since the blood sampling of P** shows a 


decreasing concentration of P** in the cir- 


representing the 


culating blood and the iodinated (1'*!) 
albumin curves show the stability of the 
vascular measurements, then the in vivo 


Ps? measurements may provide indirect in- 
formation on the accumulation of the 
phosphate (I**) ion by the tissue in ques- 
tion. These curves, as recorded, 
continual 


show the 
radioactivity both 
intravascular 
Now, 


distribution in 


from 
extravascular regions. 
that the 
decreasing, the 
failure of the in vivo P** curves to parallel 
this that the dif- 
ference between these two curves is actually 
the accumulaiion of P** in the tumor tissue. 
This difference is most marked on the mouse 


present 
and 
since it is observed 
blood 
indicate 


decrease must 


Rabbit Brown Pearce Carcinoma 


P-32 Blood? ° Tissue 4-4 
1-131 Blood*— Tissue 


Per cent of highest number of counts 


| 
| 


i0 20 30 50 
Minutes after injection 
Fig. 24.—Pattern of radiophosphorus uptake in 
blood and Brown-Pearce carcinoma in rabbit. Pat- 
tern of iodinated serum albumin. (I™) distribution 
in blood and Brown-Pearce carcinoma of rabbit. 
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melanoma and the rat glioma composite 
curve and indicates heavy accumulation by 
these tissues. The same effect is noted to 
less degree in the lymphosarcoma, and a 
more equivocal result was recorded with the 
Brown-Pearce carcinoma. 

Since these curves have all been 
normalized to the highest count, it would be 
possible to subtract the vascular composite 
of P** from the in vivo curve and have the 
isolated effect of tissue accumulation alone. 
Even as represented in actual recordings, 
however, the differential effect of tissue ac- 
cumulation is readily seen. 


IV. The Biochemical Fate of P** in 
Normal and Neoplastic Ocular Tissue 


In the third phase of our experimental 
studies an attempt was made to correlate 
physical-chemical fractionation studies with 
radioactive counts in normal ocular tissue 
and in experimental ocular tumors. 

Certain interesting physiologic and_bio- 
chemical differences in proteins, fats, and 
carbohydrates between normal and malig- 
nant tissue furnish the basis for growth 
studies. By the application of radioactive 
isotopes as tracers, the fate of the various 
metabolites and the metabolic pathways 
taken by these substances can be followed 
from the injection into the blood stream 
until the incorporation into the primary cel- 
lular structure of the tissue under investiga- 
tion (Fig. 25). 

In our studies we have considered the 
following groups of nucleic acids: (1) the 
pentose nucleic acids, or ribonucleic acids 


P32 
Plasma 
Fluids 


Proteins Lipids Carbohydrates 
Nucleic Acids 


Fig. 25.—Metabolic path of P® from injection 

into the blood stream to its incorporation into body 
tissue, 
(RNA), and (2) the deoxyribose nucleic 
acids, or deoxypentose nucleic acids (DNA). 
In each of these groups there may be a large 
number of substances, which are situated 
as follows (Fig. 26): the RNA (or PNA) 
is present in the cytoplasm and also in the 
nucleus. Within the nucleus, the nucleoli 
are particularly rich in RNA and_ the 
chromosomes contain only a small amount. 
In the cytoplasm, RNA is present both in 
the microsomes and in the mitochondria. 
The DNA is usually situated in only one 
part of the cell, namely, in the chromosomes, 
and its formation occurs predominantly 
during mitosis. 

The results in Parts I and II of this study 
suggested that the retention of a high level 
of radioactivity in ocular tumors from two 
hours to three days after injection of P** 
was probably due to the high rate of 
metabolism and cellular growth occurring in 
the tumor. The following work was there- 
fore carried out to investigate the bio- 
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P 
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Fig. 26.— Situation of 
pentose ribonucleic 
acids (RNA) and of de- 
oxyribose nucleic acids 
(DNA) in cellular struc- 
tures. 
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chemical fate of P%* in experimental ocular 
tumors, 

Method.—The experimental tumors used 
were the Murphy rat lymphosarcoma, the 
Brown-Pearce rabbit carcinoma, a rat glio- 
blastoma, and the S-91 mouse melanoma. 
The techniques used in transplantation and 
maintenance of these tumors were those 
described in Part I. Normal ocular tissue 
consisted of the entire normal eye in the 
case of the rat and the scleral portion of the 
eye in the case of the rabbit. 

Tumor-bearing animals were given an 
intravenous injection of P*? (0.05yc. per 
gram of body weight). The tumor and/or 
normal ocular tissue was removed at various 
intervals after injection, frozen on_ solid 
carbon dioxide (Dry Ice), weighed, and 
homogenized in cold 10% trichloracetic acid 
(TCA). The homogenate was then frac- 
tionated by a modification of the method of 
Schmidt and Thannhauser ***® into the acid- 
soluble (AS) phosphorus, phospholipid 
(PL), ribonucleic acid + phosphoprotein 


Tasie 4.—Partition of Radioactivity into 


(RNA+PP), and deoxyribonucleic acid 
(DNA) fractions. “True” inorganic phos- 
phorus and total phosphorus determinations 
were carried out according to the method 
described by Umbreit et al.,4* except that 
the colorimetric procedure of Gomori *7 was 
employed. The radioactivity in each frac- 
tion was assayed by means of a liquid 
counter *® or an end-window Geiger counter. 

Results—Table 4 shows the distribution 
of P%? in the various fractions of four 
different experimental tumors at various 
intervals after injection. The results are 
expressed as percentage of the total P*? 
found in each fraction. During the first 
two hours after injection, 70%-100% of 
the total P** was found in the inorganic 
phosphorus fraction, while 24-96 hours 
after injection, the P®? content of the or- 
ganic phosphorus fractions (lipids, RNA + 
phosphoprotein, DNA) accounted for a 
majority of the total tumor P**, The P#2 
distribution was very similar in the four 
tumors studied one to three days after 


Fractions of Intraocular Tumors 


% Total Radioactivity in 


Time - — - 
After Animals, Total 
Tumor or Tissue P*?, Hr. No. Inorganic P * Acid-Sol. * PL RNA+PP DNA Residue 
Rat, glioma 4 2 9.1 97.8 0.2 1.49 0.7 0.45 
1 1 79.7 95 06 2.80 0.6 1.0 
24 2 30.0 64 5.5 22.2 7.2 1.3 
72 1 24.7 32.8 26.1 30.1 8.6 25 
Brown-Pearce carcinoma 5min. 1 87.8 100 0 0 0 0 
1 3 77.3 4.1 2.12 11 1.42 1,26 
2 1 68.0 81.0 3.5 13.3 1.3 1.0 
24 3 24.3 30.9 20.6 35.7 10.4 24 
48 2 20.3 28.1 21.1 33.6 15.9 26 
72 2 21.4 27.5 21.0 $2.3 13.7 54 
6 1 33.2 38.9 22.8 20.2 18.1 
Lymphosarcoma 24 3 17.9 26.1 17.2 40.5 7.32 8.5 
48 2 28.2 26.3 3.2 4.0 
72 2 16.7 28.1 14.8 31.9 10.6 14.7 
% 3 16.1 24.2 25.9 20.3 13.9 6.71 
Melanoma My 1 92 95.2 1.2 3.3 0.2 0.1 
1 1 85 93 1.5 48 05 0.2 
ps 1 34.4 49.2 26.1 20.7 34 0.5 
72 1 24.8 39 18.5 33.6 8.1 1.8 
Rat, normal eye 24 3 46.4 61.3 19.6 10.0 3.9 3.9 
4s 2 33.2 51.3 07 26.1 09 0.9 
72 2 30.6 53.5 14.8 25.1 3.7 3.1 
%6 3 22.8 46.0 30.6 15.6 26 28 
Rabbit, normal eye 5min. 1 72.7 Ue) 0 0 0 2.0 
1 1 MM 9s 0.6 14 0 0 
2 1 74.5 94.5 1.6 4.0 0 0 
25 1 42.4 54.6 11.4 41 11.2 18.2 


* Total acid-soluble phosphate includes inorganic phosphorus, 
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Brown Pearce Carcinoma (Rabbit) 


Counts per minute per microgram Phosphorus 


4 8 12 16 20 24 28 


Hours after injection 
Fig. 27.—Specific activity of acid-soluble and in- 
organic phosphorus fraction in normal ocular tissue 

and in the Brown-Pearce carcinoma. 
injection; the acid-soluble, phospholipid, and 
RNA fractions each contained about 30% 
of the P82, and the DNA 
the remaining 10%. In 


accounted for 
contrast, normal 
ocular tissue contained a smaller proportion 
of the total P*? in the lipid, RNA + phos- 
phoprotein, and DNA fractions and a 
correspondingly higher amount in the acid- 
soluble fraction. 

ligures 27 to 30 show the specific ac- 
tivity of the various phosphorus fractions 


Brown Pearce Carcinoma (Rabbit) 


RNA+Phosphopretein Tumor 
— 
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4 


Fig. 29.—Specific activity of the RNA and phos- 
phoprotein fractions in normal ocular tissue and in 
the Brown-Pearce carcinoma. 
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Hours after injection 


_ Fig. 28—Specific activity of the phospholipid 
fraction in normal ocular tissue and in the Brown- 
Pearce carcinoma. 

of the Brown-Pearce carcinoma and normal 
ocular tissue of the rabbit at various in- 
tervals after injection of P**. The acid- 
soluble and inorganic phosphorus fractions 
showed a very rapid rise in specific activity 
to a level much higher than that of the 
control, but within 24 hours the specific 
activity of these fractions had dropped to 
a level similar to that of the control (Fig. 
27). The specific activity of the phospho- 


lipid, KNA+phosphoprotein, and DNA 
Brown Pearce Carcinoma (Rabbit) 
DNA = Tumor 
160}- 
2 120-- 
£ 
— 80+ 
i 0 1 if. 1 4 


4 8 12 16 20 24 28 
Hours after injection 
_ Fig. 30.—Specific activity of the DNA fraction 
in normal ocular tissue and in the Brown-Pearce 
carcinoma. 
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TABLE 5.—Phosphorus Content of Normal and Neoplastic Ocular Tissue 


P/Gm. Tissue, Mg. 


Tissue No. Total P* ASt Inorganic t Phospholipid RNA+PP DNA 

Rat lymphosarcoma 10 2.55 0.78%0.28 $ 0.53+0.14$ 0.3440.18$ 0.6840.24$ 0.2240.16 } 
Mouse melanoma 4 3.45 1.18+0.45 0.7140.14 0.51+0.15 0.69+0.11 0.36+0.04 
Mouse glioblastoma 5 1.91 0.57+0.05 0.41+0.26 0.31+0.03 0.37+0.02 0.25+0.04 
Rabbit Brown-Pearce carcinoma 9 2.13 0.60+0.25 0.46+0.19 0.30+0.05 0.54+0.23 0.23+0.06 
Normal rat eye 10 0.51 0.41+0.23 0.32+0.11 0.16+0.07 0.25-+0.08 0,080.07 
Normal rabbit eye 4 0.32 0.32+0.07 0.28+0.06 0.16+0.05 0.06+0.01 0.08+0.07 


* Total P determined by addition. 
t AS fraction includes inorganic P. 
Standard deviation. 


fractions also rapidly rose to values much 
above the control and remained at the high 
level throughout the 24-hour interval. The 
P*? appeared to be incorporated into tumor 
DNA at a much faster rate than into the 
DNA of the normal ocular tissue. 

Table 5 compares the phosphorus compo- 
sition of the four experimental tumors with 
normal ocular tissue. All four tumors con- 
tained more total phosphorus per gram than 
did normal ocular tissue of the rat or rabbit. 
The difference was particularly noticeable 
with regard to the phospholipid, RNA4 
phosphoprotein, and DNA fractions. 

Comment.—Experiments described — in 
Part I have shown that the radioactivity of 
experimental ocular tumors was much above 
that of normal ocular tissue from five min- 
utes to about three days after the injection 
of P%?, whether the measurement was car- 
ried out with external probe counters or 
by in vitro counting of the excised tissue. 
An inflammatory lesion of the eye (Part IT) 
also was found to show a rapid uptake of 
P*? within 5 minutes after injection, but 
in contrast to the eye tumors, the radio- 
activity fell to the control level within 20 
minutes after injection. Perfusion studies 
and comparison of the uptake of P** with 
that of iodinated (1'*!) serum albumin led 
to the conclusion that the early rapid rise 
in the P** content of neoplastic ocular tissue, 
as well as of the inflammatory ocular tissue, 
was primarily due to the high vascularity 
of these tissues in comparison with normal 
ocular tissue. The retention of P*? by neo- 
plastic ocular tissue over several days, on 
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the other hand, was thought to be caused 
by the uptake and utilization of P**-phos- 
phate by the rapidly dividing cells of the 
tumor. The results of the experiments in 
Part II] agree with this conclusion. Thus, 
during the first two hours, the P%* in the 
tumor was primarily (70%-100%) due to 
P%*-labeled inorganic phosphate, while one 
to four days after injection, the P** was 
distributed among the acid-soluble, phospho- 
lipid, and RNA+ phosphoprotein fractions 
(30% each) and the DNA fraction (10% 
of the total radioactivity). The present 
experiments indicate that the increased level 
of P* in the neoplastic tissue is due to 
several factors; high vascularity accounts 
for the early rise in P** level, thus making 
available highly radioactive inorganic phos- 
phate for synthesis of organic phosphorus 
compounds. Since the neoplastic tissue con- 
tains more phosphorus per gram than does 
normal ocular tissue, the tumor would in 
corporate more P%* than the normal tissue 
even if the synthesis of organic compounds 
were no faster than the normal. However, 
as indicated in Tables 1-4, the rate of uptake 
appears to be somewhat faster in the neo 
plastic tissue, particularly in the case of 
DNA, as might be expected because of the 
rapid rate of cell division. 


Comment 


In these experimental studies the path 
ways taken by P** 


from the time of injec- 
tion to its 


the cellular 
structure have been studied. By considering 
the elements of time and amount of radioac- 


distribution in 
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tive uptake, the influence of various factors, 
such as tissue geometry and vascularity, 
upon these readings has been determined. 
This study points up interesting parallels 
between experimental and clinical observa- 
tions in intraocular tumors. 

Several points stand out as particularly 
significant. The validity of the P* test 
rests upon metabolic change in the involved 
tissue. Neoplastic tissue metabolizes P** at 
a more rapid rate than does normal tissue, 
and the increased readings of radioactive 
output obtained with the Geiger probe over 
the neoplasm as compared with the normal 
are due to physiopathologic changes taking 
place in that tissue, namely, the more rapid 
turnover of P*®? by the cells themselves. 
These neoplastic cells are growing more 
rapidly and are more numerous, and hence 
their utilization of phosphorus is more 
rapid. The metabolic needs of the two 
tissues are similar—that is, qualitatively 
their metabolism is comparable, but the 
metabolic processes differ quantitatively. 
This is true with all fractions of tissue 
phosphorus utilization in the cells them- 
selves and results in significantly different 
sum totals. 

Factors such as tissue geometry and vas- 
cularity of tissue are important in proper 
interpretation of radioactive output, but 
when these factors are taken into account, 
results of final readings of neoplastic P** 
uptake and normal P*? uptake are not 
changed. The tissue geometry explains sig- 
nificant differences in P%* readings obtained 
at various points in the same tumor. 

It is likely that the greatest source of 
error in P* studies lies in incomplete 
understanding of the physiopathology of 
cancer tissue and in technical errors related 
to calculations or faulty instrumentation. 
The factors here discussed from the ex- 
perimental standpoint have parallel applica- 
tion in clinical studies of ocular tissues, as 
has been amply proved by our experience. 


Summary 


Studies with radioactive phosphorus in 
experimental tumors were undertaken to 
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determine their application to similar clinical 
methods. The investigation has been divided 
into three phases: (1) comparison of up- 
take of radioactive phosphorus in normal 
ocular tissue and experimental eye tumors; 
(2) study of the effect of vascularity on 
the radioactive uptake in neoplastic, inflam- 
matory, and normal ocular tissue, and (3) 
correlation of the uptake of radioactive 
phosphorus with cellular structure and study 
of the metabolism of phosphorus and _ its 
intracellular distribution. 

The following tumor strains were used: 
the Brown-Pearce carcinoma, the S-91 
mouse melanoma, the rat glioma, and the 
Murphy lymphosarcoma. The size of the 
animal eyes necessitated the use of small 
Geiger-counter probes, which were especial- 
ly designed for this study. 

The factor of tissue geometry, of great 
importance in proper interpretation of re- 
sults, is explained and evaluated. 

In all tumors studied, the uptake of radio- 
active phosphorus was much higher in neo- 
plastic than in normal tissue. The curves 
of counts per minute, plotted against time 
of observation, showed an initial rapid rise 
reaching a maximum in 10 to 12 minutes 
after injection of NaH2PQO,, followed by 
a decline extending over several days. Dur- 
ing the initial rise in radioactivity the blood 
levels of P%* were high, and these counts 
were probably dependent largely on tissue 
vascularity. After establishment of equilib- 
rium in phosphorus exchange, the decline in 
curves followed a gradual pattern of decay. 

The influence of vascularity upon the 
uptake of radioactive phosphorus was ap- 
proached by (1) comparing the radioactive 
phosphorus uptake by a vascularized inflam- 
matory lesion with that of normal tissue, 
(2) perfusion studies on eyes containing 
neoplasms in the anterior chamber, and (3) 
comparative measurements of uptake of 
P82 and iodinated serum albumin 
taken over tumor tissue, normal tissue, and 
blood. These studies showed that the influ- 
ence of vascularity lasted only during the 
first 10 minutes and that after 30 minutes 
curves of radioactive output then returned 
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to the usual pattern of decay. The perfu- 
sion studies also indicated that vascularity 
was important only during the early phases 
of uptake studies. Readings on the uptake 
of P%? and of iodinated (1!) serum albu- 
min showed the P*? being lost from the 
circulating blood and accumulating in the 
soft tissues, while the iodinated (11) se- 
rum albumin rate reflected the vascularity 
of the tissue itself. The difference in P*? 
distribution in blood (decreasing) and that 
shown by in vivo P** curves indicates the 
accumulation of P*? in the tumor tissue. 

The metabolic studies consisted of an 
evaluation of radioactivity in separate frac- 
tions of phosphorus at various intervals 
after injection. During the first two hours, 
most of the P%? can be accounted for as 
inorganic phosphate, while after 24-96 
hours, the P*? has been distributed into 
various organic phosphorus compounds. The 
increased radioactivity in the neoplastic ocu- 
lar tissue appears to be due to several fac- 
tors: the high vascularity making available 
inorganic phosphorus of high specific ac- 
tivity, the relatively high amount of phos- 
phorus-containing compounds in the tumor, 
and the rapid rate of synthesis of these 
compounds. 

Carnegie Medical Building, 10515 Carnegie Ave. 
(6). 
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Clinical Notes, New Instruments 


A Modified Slit-Lamp Arm 


ROBERT A. SCHIMEK, M.D., New Orleans 


Modern ophthalmology favors complete 
examination of the eyes, including routine 
slit-lamp study with the usual refraction and 
ophthalmoscopy. This trend has led to more 
convenient and centralized arrangements of 
the instruments. Various slit- 
lamp arms on instrument stands enable the 


necessary 


Submitted for publication Sept. 12, 1958. 
From the Department of Ophthalmology, Ochs- 
ner Clinic. 


New slit-lamp arm in position. 


and ‘Techniques 


slit lamp to swing easily into position for 
use without moving the patient after refrac- 
tion. However, adjustment of the height 
of the conventional slit-lamp arm is limited. 
The arms are high enough to require the 
physician to sit on a high stool and the 
patient in a high examining chair of 
the pump or motor-driven type. 

It would seem more desirable to seat the 


patient in a chair of conventional height. 
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The refraction and slit-lamp examinations 
could then be performed at a low enough 
level to permit the physician to be seated 
comfortably in an ordinary executive type 
chair. A newly modified slit-lamp arm that 
fits on an instrument stand * permits the 
slit lamp to swing in at a low enough level 
that both patient and physician can sit at a 
comfortable conveniently low level. This 
eliminates the need for the patient to use a 
cumbersome foot rest, which obstructs easy 
access to the patient from the front. 

The figure shows a new slit-lamp arm + 
on an instrument stand { with the patient 

* Bausch & Lomb instrument stand. 

+ The slit-lamp arm is available on order from 


the Bausch & Lomb Optical Company. 
t Bausch & Lomb instrument stand. 
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sitting comfortably in a motor chair § with- 
out any foot rest; the lowest seat height of 
the chair is 17 in. from the floor. Other 
chairs of comparable height can be substi- 
tuted.|| With such a slit-lamp arm and one 
of these chairs, the physician can perform 
the refraction and slit-lamp examinations 
while sitting in an ordinary swivel type desk 
chair. Many ophthalmologists will find this 
a more comfortable and convenient arrange- 
ment. 


Ochsner Clinic, 3503 Prytania St. (15). 


§ A Ritter Century Model motor chair is shown 
in the picture. 

|| A Bausch & Lomb motor chair can be easily 
modified to a low height by removing the adapter 
ring. A Paidar hydraulic chair is economical and 
equally advantageous (model with seat height 17 in. 
from floor, without foot rest, with bar foot pump 
behind chair and reclining back). 


Annual Reviews 


The Uveal Tract 


J. A. C. WADSWORTH, M.D., New York 


Fundamental studies have been made of 
the uveal tract during the past year. Such 
studies have contributed valuable informa- 
tion to our better understanding of the role 
played by the uvea in ocular disease. 


Anatomy and Embryology 


Wudka and Leopold! have continued 
their study on the choroidal vessels. By 
direct observation the authors found the 
motion of the blood in the larger arteries 
was too rapid to be seen; however, ligation 
of the homolateral common carotid produced 
narrowing of the long posterior ciliary 
arteries. When dyes were injected into the 
contralateral common carotid, the contrast 
media appeared in the choroidal vessels 
under study. Occlusion of the ciliary ar- 
teries was followed by compensatory circu- 
latory changes. Occlusion of the vortex 
veins induced a change in the direction of 
the blood flow in the affected areas. 

In additional studies, these same authors * 
reported the effects on the choroid following 
treatment for retinal detachment. 
found that scleral-shortening procedures 
were immediately effective but temporary. 
A short time after operation a reexpansion 
of the sclera with tearing of the sutures is 
the rule. This reexpansion need not be a 
disadvantage if the retinal hole is closed, 
because the retina, too, may expand to 
accompany the sclera. The authors found 
that the encircling tube or cinch caused defi- 
nite structural changes which may be detri- 
mental to the health of the eye. Vascular 
changes in the choroid with atrophy of the 
iris along with vascularization of the cor- 


It was 


~ Submitted for publication Nov. 12, 1958. 


nea may follow the implantation of the 
encircling tube. Compression of the ciliary 
arteries as well as an obstruction of the 
vortex veins can explain these degenerative 
changes. 

The above findings in experimental ani- 
mals are confirmed by pathological speci- 
mens from humans. The eye usually returns 
to its normal shape and size, except in those 
cases where a cinch operation has been per- 
formed. These cases remain deformed and 
constricted by the encircling band. 

Berggren and Vrabec * have demonstrated 
a hyaluronidase-soluble substance surround- 
ing the trabeculae. Certain eyes treated 
show a loss of the hyaluronidase-sensitive 
barrier, with a resulting swelling of the 
trabeculae. This important finding may be 
a cause for wide-angle glaucoma. 

Lewallen * studied 12 cases of congenital 
aniridia and found that glaucoma was a 
common finding; the treatment was not en- 
tirely satisfactory, no matter what method 
was used. Cataracts were common. After 
due study, extracapsular extraction was rec- 
ommended. Intracapsular extraction is a 
dangerous procedure, since most patients 
are young and rupture of the zonules pre- 
sents a real problem. Absence of the sup- 
port from the iris diaphragm adds further 
danger to an intracapsular extraction. 

Persistence of a pupillary membrane is 
a common finding, but the familial character 
is not widely known. In one family of 18 
cases covering four generations, persistent 
pupillary membrane was found. Congenital 
cataract and megalocornea were also asso- 
ciated in the series. It is explained that 
there is a lag in the disappearance of the 
membrane during the fourth and fifth 
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months of development and the factor caus- 
ing such a lag is probably genetic (Cassady 
and Light ®). 


Congenital Defects and Degenerative 
Changes 

Giordulli® reported a case of essential 
atrophy of the iris with normal field and 
tension. Two years later the patient devel- 
oped chronic simple glaucoma. The iris 
atrophy progressed rapidly after the tension 
rose. From the report of this case, it is 
difficult to determine whether or not glau- 
coma had existed prior to the time when 
the tension rose to a constant high level. 
Ordinarily, treatment of glaucoma second- 
ary to essential atrophy of the iris is unre- 
warding, but Daily and Daily? reported 
successful control after iridectomy in the 
early stage of the disease. Cyclodiathermy 
is another successful method of treatment to 
control tension in such cases (Giménez 
Almenara *). An atrophy of the temporal 
sector of the iris developed in four cases 
after a Hummelsheim operation for sixth 
nerve palsy. The operation was followed 
by a mild iritis and a later development of 
iris atrophy. Stucchi and Bianchi ® attrib- 
uted the iris atrophy to a damage of the 
blood supply to the iris and suggested a 
two-stage operation. 

Atrophy of the pigment epithelium of 
the iris was studied in a series of 97 cases 
by Scheie and Fleischhauer.’° Transillu- 
mination was a valuable diagnostic proce- 
dure along with dispersion of pigment 
deposited in the lens, in the cornea, and in 
the angle. The iris stroma appeared normal 
in all cases. Forty-three per cent of the 
studied cases developed glaucoma secondary 
to trabecular obstruction from the pigment 
deposited in the angle. Multiple cysts of 
the iris produce marked variations in the 
depth of the anterior chamber. After dila- 
tation the multiple cysts are easily seen, but 
large cysts are often mistaken for mela- 
noma unless the looks for the 
multiple daughter cysts. Chandler and 
Braconier '! reported that glaucoma is fre- 
quently associated with these iris cysts. 


observer 
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Two cases were reported by Bégue and 
Jubert-Bélédin 1? where the iris cysts were 
so large that they caused subluxation of the 
lens; melanoma was considered in both of 
these cases. Transillumination may be in- 
creased in the area of the cyst and help to 
establish the true nature of the lesion. 

The actual cause of the iris cysts is not 
clearly known, but Heath ™* suggested that 
they may be congenital and reported a case 
of a 5-year-old girl to help substantiate the 
theory. Small cysts of the pars plana may 
be seen by ophthalmoscopy, but their pres- 
ence is thought to have no clinical signifi- 
cance." 

Degenerative changes in the choroid fol- 
lowing high myopia are thought to be the 
result of neurovegetative disturbances '; 
however, Raymond and Goodman ' treated 
high myopia with corticotropin (ACTH) 
and lipocaic factors. Lipocaic factors are 
probably responsible for the improvement 
that has continued for two years after treat- 
ment was stopped. 

Choroidal detachment is actually an edem- 
atous swelling that often occurs after opera- 
tion on the anterior segment or injury to 
the posterior segment with damage to the 
vitreous body. Scleritis may also cause what 
appears to be a detachment of the choroid.’7 


Inflammation 


Continued study throughout the world is 
focused on determining the etiology of 
iridocyclitis. The complete solution is by 
no means reached, but each year more valu- 
able information is gathered to put us closer 
to solving this great ophthalmic mystery. 
More than half of the articles written on the 
uveal tract pertain to inflammation. 

In years past, tuberculosis was considered 
the chief cause of iridocyclitis, but as our 
diagnostic acumen has improved, tuberculo- 
sis has shown progressive decrease in fre- 
quency. Alvaro’*® made a plea for a 
standardization of tests throughout the 
world in order that our statistical studies 
may be more valuable. Burlakova !* report- 
ed a series of cases with iridocyclitis and 
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found 42.5% to be caused by tuberculosis 
and 23.2% to be caused by rheumatism. 
Etiology was not proven in 22.5% and, 
therefore, was classified as unknown. The 
methods of proving etiology were not clear. 
The total percentages failed to reach 100%, 
but the unaccounted-for 11.8% is probably 
unimportant anyway. Stanworth and Mc- 
Intyre ® analyzed a series of 237 patients 
with uveitis. In spite of many tests it was 
difficult to assess the importance of various 
etiologic factors. However, ankylosing 
spondylitis and atypical forms of spondylitis 
was the largest single group of systemic 
diseases with which uveitis has been asso- 
ciated. Some granulomatous uveitis has 
been associated with sinus infection. Non- 
granulomatous uveitis is often associated 
with strongly positive tuberculin reaction. 
Krahnstoéver *! reported 12 cases of ankylo- 
poetic spondylarthritis with iritis. Hyper- 
ergic and bacterial factors in iridocyclitis 
showed a correlation between the bacteria in 
the conjunctival sac and the degree of irido- 
cyclitis. Staphylococci were found in the 
anterior chamber. 
chemical reaction 


Iridocyclitis as a_ bio- 
with toxins was over- 
whelmingly positive in bacterial iridocyclitis 
(Kapuscinski Rudobielski ** found the 
leukergy provocative as described by Flock 
to be tuberculous in origin. The disease was 
established with clinical certainty. Aqueous 
punctures in uveitis showed evidence of bac- 
teriophages in about 15% of all cases when 
evidence of distal foci was present. In 
two cases of toxoplasmosis, Offret and 
Saraux ** found positive serology but no 
toxoplasmosis in the aqueous. Ogielska *® 
induced hyperergic iritis in one group of 
rabbits and Staphylococcus iritis in the 
other. The dynamic cytogram was found to 
be essentially the same in both. The prog- 
nosis of the disease may be established by 


the following index: 
_Monocytes + reticuloendothelial cells _ 
Leukocytes + lymphocytes 


In additional work, Ogielski et al.2® found 
Kolobolakis’ color reaction was negative in 
a group of animals with hyperergic iritis. 
This reaction is seen when a solution of 
dye with silver salts and toxins makes a 


Wadsworth 


lasting color that cannot be decolorized with 
potassium permaganate. In a second group 
of animals with iritis produced by introduc- 
ing Staphylococcus pyogenes var. aureus 
into the anterior chamber, a positive color 
reaction was obtained in all cases. In hu- 
mans, nearly all iritis cases showed a 
positive color test, suggesting a bacterial 
toxic factor. Streptococci form hemolyzing 
exotoxin as streptolysin O. Antibiotics 
formed against the streptolysin can be de- 
tected more easily than culture? Bedros- 
sian *8 found that the sedimentation rate is 
significantly higher in nongranulomatous 
iritis as compared with granulomatous iritis. 
Such findings suggest a different etiology in 
the two diseases. Nongranulomatous iritis 
is most probably a systemic infection. Hy- 
persensitivity to heavy metals can produce 
an inflammatory reaction in the eye. 
Roser *° reported a central serous chorio- 
retinitis in a patient who was wearing brass 
dentures for eight years. 
resulted 


Rapid recovery 

the dentures. 
Whatever the etiology, there is often an 
ingrowth of blood vessels into the corneal 
stroma during the acute phase of anterior 
uveitis. The vessels tend to recede as the 
congestion subsides. Visual acuity is not 
affected by the process. Drozdowska * ex- 
plained the process on the basis of conges- 
tion of the ciliary vessels during the active 
inflammation. The many general tests to 
the nature of uveitis suggest 
many cases to be of infectious origin. From 
time to time specific infections are isolated 
or at least surmised, as in Wilson’s report,*! 
where among 121 cases of brucellosis there 
were 7 cases of uveitis. 


after removal of 


determine 


Continued study on Vogt-Koyanagi- 
Harada disease exists throughout the world, 
and there seems to be a general agreement 
that these conditions are all the same proc- 
ess. Ponte,*? in his thorough study of two 
cases, concluded that Vogt-Koyanagi- 
Harada disease and uveomeningitis are one 
and the same disease but did not suggest a 
specific etiology. On the other hand, 
Yoshida ** injected subretinal fluid from 
a case of Harada’s disease into the vitreous 


181/495 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


of a rabbit and produced a uveitis, but serial 
passage was not possible. If the subretinal 
fluid is first injected into a chick embryo, 
the chorioallantoic fluid becomes capable of 
producing uveitis even after serial passage 
through a chick embryo. The author felt 
that other uveitis viruses might be isolated. 

To simplify further the origin of uveitis, 
Hager ** concluded that Vogt-Koyanagi- 
Harada disease and sympathetic ophthalmia 
is a special form of uveoencephalitis, since 
all 16 cases of Vogt-Koyanagi-Harada dis- 
ease reported by Puscariu * developed men- 
ingeal lymphocytosis. The depigmentation 
of the choroid, vitiligo, and poliosis were 
explained on the bases of the influence of 
the neurotropic agent on the chromatophoro- 
tropic element of the pituitary body. Oph- 
thalmic surgery in all uveomeningeal cases 
is poorly tolerated. Ruiz-Barranco and 
Garrachon *® advised that surgery not be 
done unless absolutely necessary. 

A study of Behcet's disease by Sezer 
revealed the presence of a virus recovered 
from the subretinal fluid in patients with 
active inflammation. The virus was also 
recovered from the blood and urine and 
grown on chick embryo. Virus recovered 
from laboratory animals previously infected 
could be reinjected in animals or grown on 
chick embryos. Complement fixation was 
positive 1:126 after infection but less than 
1:16 during the active infection or during 
recurrence. Jadassohn et al.** prepared an 
antigen from a patient with Behcet’s disease. 
Skin tests with this antigen gave a tubercu- 
lin-like reaction in infected patients but no 
reaction in normal controls. Behcet’s dis- 
ease is characterized by relapsing uveitis, 
recurrent ulceration of the genitalia, skin 
rash, arthralgia, thrombophlebitis, and neu- 
rological lesions. The latter indicates a 
grave prognosis. A complete picture is not 
necessary to establish the diagnosis, and it 
may be years before the complete picture 
presents itself. Williams ** followed a case 
for 10 years before ocular symptoms be- 
came apparent. Evans et al.*° were able to 
isolate a virus from the eye and brain of 
a patient who died of the disease. Mce- 
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Menemey and Lawrence‘! reported two 
fatal cases of Behcet’s disease, both of 
which had neurological complications. Path- 
ologically, the lesions were characterized by 
small softenings in relation to the small 
blood vessels of the hypothalamus and brain 
stem. Pallis and Fudge * also found dam- 
age in the brain stem, but Wadia and Wil- 
liams ** found. a widespread involvement of 
the central nervous system. The authors 
also suggested that cortisone was of value in 
the early stage of the disease, but the study 
is somewhat conflicting. Linton and Saint * 
described a case, in detail, of Behcet's dis- 
ease where cortisone has suppressed the 
symptoms after seven years. Eguchi et al. 
showed that among 13 cases of Behcet's 
disease there was a state of ariboflavinosis. 
Thorn’s test suggests that there is a relation- 
ship between Behcet's disease and adreno- 
cortical function. 

Several Greek articles review the litera- 
ture, and Adamantiadis ** claims priority in 
first reporting a complete case of the disease, 
the recognition of which is now attributed to 
Behget. Other Greek articles confirm this 
by naming the disease Adamantiadis- 
Behcet’s syndrome. The name is the only 
new thing in the articles.47-48 

With each succeeding year there is a 
progressive decrease in the number of pub- 
lished articles concerning tuberculosis of 
the uveal tract. Once considered a principal 
cause of uveitis, tuberculosis has taken its 
relative position as one of many causes for 
this condition. Of 500 patients with pulmo- 
nary tuberculosis reported by Pacynska,®® 2 
cases had choroidal lesions that could be 
considered tuberculous. These findings cor- 
respond to the American, Soviet, and Italian 
reports, but they are considerably lower 
than German findings. Ziobrowski® 
ported 28% of phlyctenular keratitis to be 
due to tuberculosis and 25% of all uveitis 
to be caused by tuberculosis. Such conclu- 
sions were based on clinical findings, course, 
and several undisclosed laboratory tests. 
Carli and Huraux ** found ocular involve- 
ment in 12% of adolescent tuberculosis pa- 
tients. Scattered choroidal lesions did not 
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indicate a serious prognosis; however, le- 
sions involving the optic disc happen only 
in serious cases of tuberculosis. Konstas %* 
found foci of chorioretinal scars in 13% of 
inmates of a tuberculosis hospital, but most 
of the lesions were inactive. These lesions 
were presumed to be tuberculous. Thirteen 
per cent incidence of small chorioretinal 
scars may not be significantly higher than 
that found in the general population. 
Gray ** emphasized the high degree of 
tissue reactivity in acute iridocyclitis due 
to tuberculin. Desensitization in very low 
doses is indicated. Specific therapy consists 
of a mixture of streptomycin and dehydro- 
streptomycin, 1 gm. every second day; para- 
aminosalicylic acid, 12 gm. daily, and isonia- 
zid, 300 mg. daily in divided doses. The 
treatment should continue for a minimum 
of four days. Tuberculin therapy is not 
without danger, since its administration may 
provoke an attack of iritis in the sensitized 
patient. Rachmillewitz et confirmed 
this in a series of patients with polysero- 
sitis. Dvorak-Theobald reported a case 
of acute tuberculous endophthalmitis fol- 
lowing a series of desensitization injections 
for allergy. The patient had had a kidney 
removed for tuberculous nephritis 15 years 
earlier. Tubercle bacilli were found in 
granulomatous areas of the choroid and 
retina. It is suggested that desensitization 
therapy may activate tuberculosis. In ex- 
perimental ocular tuberculosis, ethylthiosul- 
fate inhibited caseation.** Bullington and 
Waksman ** stated iridocyclitis can be pro- 
duced in rabbits by the injection of optic 
nerve tissue from different species plus 
killed tubercle bacilli and liquid petrolatum 
(mineral oil). Such a development of uveitis 
is unique in experimental animals, since no 
direct trauma to the eye was necessary. 


Sympathetic Ophthalmia 
Steroid therapy has apparently been a 
great addition to the effective treatment of 
sympathetic ophthalmia. Many authors re- 
port successful treatment with the use of 
steroids. Minnes *® discussed the treatment 
of six cases of sympathetic ophthalmia, and 
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he believes that early vigorous intravenous 
treatment with corticotropin is the method 
of choice. Svérak © also used corticotropin 
with favorable results, and, on the strength 
ot his success, the author suggested a more 
conservative attitude toward excision of the 
sympathizing eye. It may be necessary to 
remove the sympathizing eye before steroids 
are effective. Cortés de los Reyes *! report- 
ed a boy of 8 years who developed sympa- 
thetic ophthalmia after a contusion injury. 
Finally the injured eye was removed, and 
histologic diagnosis was confirmed. Corti- 
cotropin was given intravenously, and the 
remaining eye became quiet. It is possible 
for local cortisone to produce an improve- 
ment in the signs of sympathetic ophthal- 
mia, as suggested by Pacurariu and 
Cimpeanu-Codreanu **; however, the two 
cases in question developed sympathetic 
signs after enucleation of the injured eye. 
Those that developed sympathetic 
ophthalmia before enucleation failed to re- 
spond to local treatment. Such results lead 
one to question the diagnosis of sympathetic 
ophthalmia in the first place. The value of 
steroid therapy as a prophylaxis is question- 
able and may not be in the best interest of 
the patient. McLean felt that steroid 
therapy should be withheld unless specific 
indication is seen for its use. 


cases 


In some in- 
stances, Irgapyrin has been credited for 
clearing a sympathetic ophthalmia when all 
other treatment failed. It is interesting to 
note, that Irgapyrin not 
started until after the offending eye had 
been enucleated. Hrabi® reported a case 
of intractable uveitis that occurred 20 years 
after perforating injury to the fellow eye. 
No pathologic report was given, so the true 
nature of the uveitis was not known. Flec- 
tron-microscopic examination of eyes with 
sympathetic ophthalmia that were enucleated 
showed virus-like corpuscles 40-75 mp in 
diameter within the epithelial cells. Such 
findings suggest a virus to be the causative 
agent for sympathetic ophthalmia. 


however, 


Toxoplasmosis 
In a comprehensive review of ocular toxo- 
plasmosis by Frenkel and Jacobs,® there is 
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an organized account of the disease, with a 
review of the literature. Conclusive proof 
is given of ocular toxoplasmosis, and the 
authors suggest the frequency of the dis- 
ease. The large reservoir of undiagnosed 
cases should be studied in order to isolate 
other groups of specific infections. Chorio- 
retinitis may be the only manifestation of 
the disease in congenital toxoplasmosis. In 
fact, the purely ocular form is the com- 
monest variety of the disease. Toxoplas- 
mosis is one of the most widespread 
diseases of mankind, and, by this premise, 
the specificity of serologic methods is there- 
by enhanced. Fair® recommended that 
serologic testing of all mothers be done 
in the investigation of all cases of chorio- 
retinitis where toxoplasmosis is suspected. 
Saugstad ® reported a case of a 9-year-old 
girl who developed choroiditis with a posi- 
tive dye test of 1:600. After a 10-day 
treatment with pyrimethamine (Daraprim) 
and sulfadiazine, the dye test was positive 
only 1:48 and the choroiditis healed. The 
mother and siblings were negative; there- 
fore, this case was classified as an acquired 
one. Pillat and Thalhammer ™ reported a 
case of granulomatous uveitis in a boy of 
11 years. The skin test and complement- 
fixation test supported the diagnosis of 
acquired toxoplasmosis. Inoculation of ocu- 
lar tissue into mice gave a strong reaction. 
The authors claim this to be the first docu- 
mented case of iridocyclitis due to acquired 
toxoplasmosis. In a series of 261 cases of 
uveitis, the incidence of positive Toxo- 
plasma dye test was higher than expected in 
the normal population. Pyrimethamine ther- 
apy showed better results in these cases 
with positive dye test than those with nega- 
tive test. It was concluded by Perkins and 
Beverley ™ that such cases were due to 
toxoplasmosis. Kessel 7 used experimental 
animals to prove that the dye test is specific 
to Toxoplasma. Helminths and _ protozoa 
may often cause uveitis, but toxoplasmosis 
is the commonest protozoan infection.” 
Miscellaneous Infections 

Specific infections of the uveal tract have 

been reported in articles from all over the 
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world. Some conditions are rare but at 
least help to solve the complicated problem 
of diagnosing uveal inflammation. Coccid- 
ioidomycosis causes a granulomatous uve- 
itis, and Brown et al.™* reported a case in 
which histological study revealed spherules 
surrounded by lymphocytes and plasma 
cells. The organisms were typical of coc- 
cidioidomycites. Mycosis fungoides may 
also produce a granulomatous uveitis, as 
reported by Gartner. Leptospiral infec- 
tion has a world-wide distribution, with a 
higher incidence in Europe than in the 
United States. The systemic disease caused 
by a spirachetal blood-borne infection is 
capable of lodging in any organ of the 
body, consequently the multiplicity of symp- 
toms. Jaundice commonly occurs when 
there is gross involvement of the liver, but 
jaundice may not be present. Rowen‘ 
reports that uveitis often accompanies in- 
fection. The onset is sudden and severe, but 
usually recovery is without loss of vision. 
Organisms may be recovered from either 
the conjunctiva or the aqueous. The treat- 
ment is supportive. 

Leprosy often causes uveitis, most fre- 
quently involving the anterior part of the 
Bouzas7* reported that the use of 
hydrocortisone injected subconjunctivally re- 
sults in a dramatic clearing of the inflam- 
mation in a matter of days. 

Herpes virus has been recovered from ad- 
jacent skin lesions in a case with iritis. The 
uveal inflammation appeared prior to the 
skin lesions. After transfer of the virus to 
experimental animals, it was concluded by 
Hewson * to be herpes simplex. 

Certain systemic diseases produce an in- 
flammatory reaction in the uveal tissue. 
Fifty per cent of cases with sarcoidosis have 
ocular manifestations. Sarcoidosis should be 
suspected in all cases of granulomatous iritis 
with negative tuberculin reaction. Accord- 
ing to Green and Kennedy,® isoniazid and 
cortisone offer the best therapy at present. 
Wegner and Wirm,*! in a monograph on 
sarcoidosis, favored the theory that its eti- 
ology was a benign tuberculosis with high 
immunity and low allergic activity. Fisch- 
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er © studied 500 patients with diabetic 
retinopathy, and only 4 were found to have 
choroidal changes. The author believed 
there were similar changes in the choroidal 
vessels as found in the retinal vessels. Dia- 
betic iritis is thought to be caused by the 
presence of neutral fats and cholesterol in 
the anterior chamber. Insulin leads to a 
rapid absorption of the lipoidosis and clear- 
ing of the iritis. 

Woods and Stone ** selected 58 patients 
from a group of 900 patients with uveitis. 
A complete survey as advocated by Woods 
was carried out. In this study the patients 
with various forms of uveitis revealed no 
undue incidence of clinical or subclinical col- 
lagen disease. In addition, a review of pa- 
tients with lupus erythematosus, 
periarteritis nodosa, or scleroderma failed to 
reveal any incidence of uveitis associated 
with these diseases. 


seen 


There is no apparent 
relationship in the electrophoretic pattern of 
the serum globulins, except in patients with 
systemic granulomatous disease and eye in- 
volvement. The decrease in y-globulin may 
be related to a depression of antibody for- 
mation or of systemic immunity. 

Iritis due to lens material in the anterior 
chamber should be treated by the removal 
of the lens matter in spite of the inflamma- 
tion, according to Witmer.™ 

In the treatment of iritis, Morosov * sug- 
gested small doses of x-ray. Doses of 10-30 
r at one- to three-day intervals gave good 
results. No more than 250 r was given in 
any case. Scassellati-Sforzolini ** found that 
the injection of 5% buffered solution of 
sodium salicylate blocks the onset of anaphy- 
lactic uveitis more effectively than cortisone. 
Intravenous administration of typhoid vac- 
cine undoubtedly stimulates the pituitary- 
adenocortical system and causes an increase 
of the urinary elimination of neutral 17- 
ketosteroids, which last for about 48 hours. 
Krudysz and Kleczenski * found this reac- 
tion similar to the observations made in pa- 
with fever, rheumatoid 
arthritis, and subacute bacterial endocarditis 
treated with hypoglycemic insulin shock, 


tients rheumatic 
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Neoplasms 


Far more is written about melanomas than 
any other neoplasm involving the uveal tract. 
In spite of its comparitive rarity, much 
work has been reported on tumors of the 
iris. Rones and Zimmerman ** studied a 
large series of iris tumors. Primary tumors 
are relatively rare and account for less than 
1 out of every 15 uveal tumors. About 
two-thirds of the iris tumors are discrete 
and can be removed by iridectomy. Such 
tumors resemble nevi, leiomyomata, or spin- 
dle type melanoma, Some resemble epi- 
thelioid type melanomas. It was found in 
their study that a completely excised tumor 
eliminates the justification for enucleation; 
however, if study reveals tumor remaining 
in the iris or ciliary body, enucleation should 
be advised. Conservative management is 
recommended because life expectancy is usu- 
ally not affected. Cleasby,*® in his study of 
iris melanomas, recommended conservative 
treatment, Bakbardin ® reported the 
diagnosis of a case of iris melanoma by 
means of electrocautery and diathermy. A 
portion of the ciliary body was excised 
with the tumor, and no metastasis or recur- 
rence has been noted for two and one-half 
years. From the report, the excision seems 
radical and extensive and a two and one-half 
year follow-up is not conclusive in the study 
of melanomas. In an analysis of 43 cases of 
primary tumors of the iris, Duke and 
Dunn *! found 28 to be melanomas, and one 
patient died of metastasis. Of the remainder 
of cases, 13 were benign melanomas and 1 
was a leiomyoma. In the light of other stud- 
ies, the rarity of leiomyomas is surprising; 
however, the histological differentiation be- 
tween melanomas and leiomyomas may be 
very difficult. The diffuse melanoma of the 
iris is an extremely malignant growth and 
should be suspected if, on examination, one 


too. 


iris has acquired more pigmentation than the 
other. Glaucoma in the affected eye helps 
to confirm the diagnosis. Gonioscopy, radio- 
active-phosphorus-uptake studies, and biopsy 
may fail to yield conclusive evidence of the 
diagnosis.** 
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Cross ** reported a case of iris tumor that 
resembled a melanoma clinically but his- 
tologically suggested a leiomyoma. The be- 
nign course of some iris melanomas suggests 
leiomyoma, and many cases should be re- 
viewed with special stains to determine the 
true character of the tumor. Brown and 
Tiizmen ™ emphasized the difficulty in recog- 
nizing leiomyoma. Nevus of the iris is 
relatively common, but a nonpigmented 
nevus in children is rare. Weinstein,*® 
however, reports an actively growing nevus 
of the iris in a child of 10 years, 

Melanomas of the uvea act differently, and 
the follow-up is unpredictable. Anderson 
and O'Neill ® reported a study of 14 cases 
of intraocular melanoma. In some, enucle- 
ation was refused and metastasis was de- 
layed or absent for many years. Some 
patients developed recurrence locally or me- 
tastasis years after enucleation. Such varia- 
ble action of this tumor suggests additional 
factors that influence the future growth of 
metastasis. In pigmented melanomas a dark 
shadow of the edge of the tumor is clearly 
visualized by retroillumination. Such a sim- 
ple test is a valuable diagnostic measure. 
By such examination, Reese *’ correctly di- 
agnosed 85% of 214 cases suspected of 
melanomas of the choroid. Mayer and Beit- 
man ** reported a case of melanoma of the 
choroid in which the patient survived 26 
years after enucleation and finally died with 
generalized metastasis. Other such cases 
have been reported. I have studied a case 
that developed local recurrence over 30 years 
after enucleation of an eye that showed evi- 
dence of extraocular extension, The patient 
died one year after the local recurrence ap- 
peared, Jensen reported a patient with 
choroidal metastasis from a melanoma of the 
skin. 
present. 


Numerous other metastases were also 
Hopkins and Carriker ™ studied 
a series of cases with melanoma of the 
ciliary body in an effort to correlate the 
difference from choroidal melanoma. No 
statistical data could be obtained from the 
small series. Discussion of the signs and 
symptoms brought to light the fact that co- 
existing cysts in the tumor may cause transil- 
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lumination to be negative. Gonioscopy shows 
increased pigment in the angle and is a 
helpful diagnostic sign. Blind glaucomatous 
eyes may harbor an unrecognized melanoma 
of the choroid." Wolter and James re- 
ported a case of diktyoma of the ciliary 
body in a patient of 39 years. The tumor 
occurred in a blind phthisical eye. Aspira- 
tion of fluid from what appears to be a 
choroidal detachment may reveal a melano- 
ma. Brickner and Ludin '* emphasized the 
importance of studying ocular fluids for 
the presence of tumor. Cellular deposits on 
the posterior surface of a detached retina 
in the presence of a choroidal melanoma are 
the result of necrotic pigment epithelial cells 
as well as tumor cells in the subretinal space. 
Hagedoorn '* recommended this as a help- 
ful diagnostic sign, but in acute choroiditis 
with retinal detachment the deposits may also 
be present. However, Hagedoorn and Sa- 
lim? described the proliferation of pig- 
ment distal to a choroidal melanoma. Such 
pigment deposits are due to the stimulating 
effects of the toxic subretinal fluid on the 
pigment epithelium. Scassellati-Sforzolini 1° 
treated a series of choroidal melanomas with 
diathermy and promptly enucleated the eyes 
for study. Histologically, diathermy did not 
consistently destroy the tumor. The author 
recommended that diathermy be limited to 
small flat tumors. Treatment of individual 
intraocular tumors must be varied to suit 
the case under study. Dunphy ' suggested 
local excision of iris tumors if the neoplasm 
does not extend to the ciliary body and is 
localized. In retinoblastoma, it is necessary 
to examine the fellow eye at frequent inter- 
vals for at least three years. Nodular 
iridocyclitis due to retinoblastoma may be a 
diagnostic problem. Chams ! reported such 
a case that developed hypopyon and glau- 
coma, Histological study revealed diffuse 
retinoblastoma. Kiichle et al.!° stated that 
when retinoblastoma involves the ciliary 
body iridocyclitis may develop and obscure 
the true nature of the disease. Anterior 
chamber puncture may be helpful. Bone- 
free x-ray of the eye is a well-established 
diagnostic aid. Electroretinogram studies on 
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intraocular tumors were of no value in the 
differential diagnosis.'!° 

Metastatic carcinoma to the choroid most 
commonly originates from the breast. Dick- 
son"! stated that 70% of all metastatic 
tumors to the choroid arise from the breast. 
X-ray therapy often gives visual improve- 
ment, which may persist for the life of the 
patient. The average life expectancy of a 
patient with choroidal metastasis is 10 
months. Hotz '* reported a case with gen- 
eralized metastasis of a breast carcinoma 
who was treated by oophorectomy. Vision 
improved temporarily, but new ocular me- 
tastases developed. Blondet et al.,"* how- 
ever, reported a similar case, except that 
adrenalectomy plus oophorectomy was done. 
Choroidal metastases disappeared, but the 
length of follow-up is not known. 

Occasionally, metastasis may involve the 
iris. Cury '* reported a rare metastasis to 
the iris from a squamous-cell carcinoma of 
the lower lip. Histologically, the intraocular 
growth resembled epithelization of the an- 
terior chamber. 

Usually angioma of the choroid has no 
diagnostic sign; however, Boke '® reported 
three cases in which associated facial angi- 
omata suggested the true nature of the 
choroidal mass. Boulanger ''® felt that 
angiomata of the choroid are often associ- 
ated with infantile glaucoma. Progressive 
hyperopia, to as much as 10 D., has been 
seen in a bilateral case of choroidal angioma. 


635 W. 165th St. (32). 
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Correspondence 


APPLICATION OF POISEUILLE'S LAW TO AQUEOUS OUTFLOW 


With regard to this article (McEwen, W. K.: Application of Poiseuille’s Law 
to Aqueous Outflow, A. M. A. Arcu. Opntu. 60 :290-294 [Aug.] 1958), cursory 
consideration may lead to the conclusion that the so-called “theory of the aqueous 
flow through the trabecular meshwork” or “Friedenwald’s theory” represents a 
masterpiece sui generis, whereas in reality it is just applied hydrodynamics. Its 
keystone and fundamental term, “facility of outflow,” does not represent a new 
characteristic but is identical with the classical “coefficient of permeability” or 
“transmission constant’’—called in the pertinent German literature “Durchlassig- 
keit” or “Hydrogeologische Konstante” to point to the field of practical application, 
namely, the flow of fluids (water and oil) through porous material (sands, sand- 
stones, and porous rocks), including the flow of water through filter beds for 
municipal water systems. The unit of the “permeability” or the “facility of out- 
flow” is named 1 Darcy, after the engineer H. Darcy, the author of the famous 
tractate,* Les Fontaines publiques de la ville de Dijon, 1856. 

Darcy’s classical experiments have led to the simple result that the rate of 


flow of water" (v=velocity in centimeters per second, f=time in seconds) through 


a filter bed (trabecular meshwork) is directly proportional to the area, A, of the 
sand (trabecular meshwork ) and the pressure difference, p, between the fluid heads 
at the inlet and outlet faces of the bed (between the intraocular pressure and the 
episcleral venous pressure) and inversely proportional to the thickness, L, of the 
filter (trabecular meshwork), or expressed analytically : 


(1)-"-=const. -AAP or 
t 
(2) v= const.4 f for A=1 cm? and t=1 second. 


Equation 2 represents Darcy’s law in its simplest form and states that the 
velocity of a fluid flowing through a porous medium (trabecular meshwork) is 


directly proportional to the pressure gradient ; P acting on the fluid (aqueous ). 


Written in this form Darcy’s law is self-evident. 

The “const.” of Equation 2 is of complex nature and represents the “effective 
permeability,” is identical with the ophthalmological term “facility of outflow,” 
and measures the volume of fluid filtering through a unit cross section in unit 
time under the action of a unit pressure gradient. Its unit is known as 1 Darcy. 

In its explicit form the effective permeability can be written 

cm.*/second 
const. =& n ( cm? (1,033, 2 gm/cm.*) /em. ) 
That means it equals the ‘permeability & stricte sensu’’ times the factor 
” 
where €=density of the fluid( gm-em.~*) 
g=acceleration of gravity(cmrsec.~*) 
n = viscosity ( poise ) 

In the literature one can find the “const.” of Equation 1 as well as the “const.” 
of Equation 2 denoted as so-called “permeability.” That means the cursory term 
“permeability” can be defined '7 with or without the implicit factor : ; 


To consider the viscosity, 7, of the aqueous humor as a constant (naturally 
except for temperature) is equivalent with the statement that the minimal alteration 
of » caused by the additional energy dissipation through the viscous action of 
minute amounts of mucopolysaccharide-like substances (which vary in disease ) 
can be neglected. 
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Furthermore, we do not pay attention to the interesting “surface-tension 
forces,” ** which are also closely related to variations of 7. 

Another even more complicating factor which renders the introduction of the 
permeability as a basic value into the mechanism of outflow of aqueous through 
the trabecular meshwork (including Schlemm’s canal) hypothetical, is the embar- 
rassing interference of local pressure changes in the filter, which modify size 
and shape of the elastic channels during measurements on the living eye, e. g., 
during tonographic studies, when a plunger impinges the cornea. 

Before taking in consideration the application of any one of the hydrodynamic 
laws—Darcy’s law, Poiseuille’s formula, or Bernoulli’s law—it might appear worth- 
while to emphasize that each law or formula has very specified limitations. The 
discourse or error calculus centering around these limitations is by far more 
elucidative than rushing into cursory evaluations of numerical data, which are at 
present time more or less overloaded with hypothetical propositions. We have good 
reason to pay attention to these preambles, because from the aforementioned paper 
of Dr. McEwen we have to take it as granted that the quantitative details of the 
trabecular meshwork are so well founded as to enable us to do a further step and 
to apply a specification of Darcy’s law, namely, Poiseuille’s formula, to the mecha- 
nism of the aqueous outflow. From the analytical standpoint this would have the 
practical meaning that the requirement of lamellar flow as a conditio sine qua non 
for the application of Poiseuille’s formula would no longer represent an embarrass- 
ment for experiment and theory. 

To guarantee “Poiseuille’s flow,” that is, a motion of fluid in lamellar stream- 
lines, the microscopic tubes have to fulfill the following requirements : 

1. They have to be straight and not tortuous like the channels of the trabecular 
meshwork; 

2. They must be smooth and should not have pits and holes like the lamellae 
of the trabecular meshwork; 

3. They ought to have a circular circumference and should not vary in size 
and shape like the lacunar interspaces, and 

4. They have to be stable, that is, able to resist distortion like the glasspipes 
used by Poiseuille, and should not be flexible like the elastic walls of the lamellae. 

In “Poiseuille’s flow” the velocity is essentially parabolic across the section of 
these ideal tubes falling from a maximum at the center to zero at the walls, and 
the total flux is proportional to the square of the diameter of a channel. 

In “Darcy’s flow” of fluid through a porous medium the velocity is uniform 
over the cross section of the filter, and the total flux is proportional to the first 
power of its area. 

These discrepancies between theory and reality will lead us to contemplate on 
the limitations inherent in the application of these “laws.” In order to give the 
following discourse a more practical aspect, I would like to point out the difference 
between the idealization Dr. McEwen is introducing and the real properties of the 
outlet channels. Dr. McEwen considers the mechanism of outflow of aqueous 
through the trabecular meshwork as a soluble problem of the classical hydro- 
dynamics where there are well-defined tubes with inflexible and impermeable 
boundaries, whereas in reality we have to deal with elastic flow channels composed 
of an intricately meshed system of fine passages characterized by bizarre multiple 
lateral interconnections.!° 

While Dr. McEwen is handling the outlet channels analytically as equivalent 
to a series of straight, inflexible, and smooth tubes of a length of 20 and a 
diameter of a few microns, it must be remembered that the trabecular meshwork 
consists of a labyrinth of irregular tortuous channels resulting in a picture which 
is closer to a sand-filter than to the visualization presented by Dr. McEwen. 

The trabecular meshwork may appear to provide serious limitations to the 
application of the results of classical hydrodynamics, since large parts of the 
trabecular system may derive their aqueous-carrying capacity largely from discon- 
tinuities and irregularities or “fractures” of the trabeculae. It may turn out that 
the dynamics of those “fractures,” which represent disconnected elastic lamellae, is 
more elucidative for the mechanism of the outflow of the aqueous than the ideal 
tubes of Dr. McEwen. These fractured lamellae fulfill all requirements which 
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allow them to function like valves, that is, to collapse with increasing flow 
governed by the law of Bernoulli. This is not the place to introduce the application 
of Bernoulli’s law to the outflow of the aqueous through the trabecular meshwork. 
It may suffice to stimulate the attention to a little experiment which simply consists 
in holding two sheets of paper not too closely together and blowing air into the 
interspace. The sheets do not separate but become adherent despite the flow of 
air through the microscopic interspace. 

In the case of the eye it is hard to believe that the required hypothetical 
streamline character of the flow of the aqueous through a labyrinth of tortuous 
channels can be maintained over a distance great enough to justify the application 
of Poiseuille’s formula, whereas the aforementioned fractured lamellae might be 
elastic, smooth, straight, and close enough to each other to enable them to function 
as microvalves obeying Bernoulli’s law. 

The limitations of Poiseuille’s formula, which are based upon the nature of 
the filter (diameter of the outlet channels) as well as upon the characteristics of 
the fluid (velocity and viscosity) find a pregnant expression in the analytical term 

<i (d=diameter; v=velocity; €=density; viscosity ) 

known as “Reynold’s number.” The Reynold’s number represents a criterion as 
far as the nature of flow changes its character from a laminar to a turbulent 
motion if Reynold’s number increases so as to exceed a critical value. In the 
experiment this critical limit has been found lower for porous material than for 
tubes ®* which fulfill the requirements of Poiseuille’s formula. How much 
Reynold’s number in the case of the trabecular system is lowered below the critical 
level which is consistent with tubes of macroscopic dimensions, we do not know 
because of lack of experiments with porous media similar to the trabecular mesh- 
work. The sharp variation and irregularity of the cross section of the channels 
represent a condition which is conducive to the early establishment of turbulent 
flow. 


Summary 


Any analytical work attempted in the field of the mechanism of the outflow of 
the aqueous through the trabecular meshwork is based upon certain necessary 
assumptions and limitations regarding the nature of the porous structures. A 
thorough consideration will lead to the conclusion that the limitations are so 
definite and the introduced assumptions—when compared with the classical labora- 
tory experiments of the physicists—so unrealistic as to prevent the applica- 
tion of a “law,” which, like Poiseuille’s formula, is founded on the exact knowledge 
of so many details characterizing the structures of the trabecular meshwork as to 
render the attainment of quantitative results from any mathematical analysis 
problematic if not misleading. 
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F. W. Loute, M.D. 
1425 5th Ave. 
San Francisco 22 


To the Editor:—-Thank you for the opportunity of replying to the comments 
of Dr. Lohle regarding my recent manuscript. 

The general tenor of Dr. Lohle’s comments is that Poiseuille’s law when applied 
to flow through the trabeculae yields results which are “problematic if not mis- 
leading.” 

That the results are problematic in the sense that there is still a problem, I 
quite agree. There is always uncertainty in applying any law developed in a 
physical milieu to a biological system. I felt that the readers of this journal were 
sufficiently acquainted with the uncertainties and difficulties of biological research 
that they needed no more than the note of caution given in my paper. If I have 
underestimated their familiarity with medical sciences, Dr. Lohle’s comments 
should further warn them. The purpose of the paper was not to arrive at any 
precise quantitative values but to use recently acquired data to carry along the 
work of previous distinguished investigators who have used Poiseuille’s law, in 
the hopes of arriving at useful and original concepts of the flow through the 
trabeculae. If the concepts are useful in correlating previous data and in sug- 
gesting new experiments, then the work is worthwhile. 

I am pleased that Dr. Lohle brought forth no real evidence of any specific 
errors or misleading statements, but I regret that he did not suggest any formula- 
tion by which the factors regarding the flow through the trabeculae could be 
computed with more certainty. In view of this lack of specific criticism, I can 
only assume that he feels I was the fool who rushed in where angels feared to 
tread. I found the journey interesting. 


M. McEwen, Ph.D. 
University of California Medical Center 
San Francisco 22 
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ANNOUNCEMENTS 


Postgraduate Course at University of Michigan.— The University of 
Michigan Medical School will hold a postgraduate conference in ophthalmology at 
Ann Arbor, Mich., April 20-22, 1959. Programs will be mailed as soon as they 
are completed. For further information, write to Dr. John M. Sheldon, Director, 
Department of Postgraduate Medicine, Room 1610, University Hospital, Ann 
Arbor, Mich. 


Program in Ophthalmic Surgery, St. Louis.—Ophthalmologists from the 
western and southern states are invited to an extensive program in ophthalmic 
surgery to be presented at the Kiel Auditorium and local hospitals in St. Louis, 
March 11 and 12, 1959, as a part of the program of the four-day Sectional Meeting 
of the American College of Surgeons. This program is being organized by local 
ophthalmic surgeons under the leadership of Robert D. Mattis. 

Sessions at the Kiel Auditorium will include a symposium on Ophthalmic 
Surgery of Trauma, with Erwin E. Grossman, Milwaukee; Merrill J. Reeh, 
Portland, Ore.; Vincent L. Jones, St. Louis; Phillip Ellis, Little Rock, Ark., and 
Ichiro D. Okamura, Boston, as participants. 

Another symposium on Ophthalmic Surgical Infections will be presented by 
Henry F. Allen, Boston; William B. Clark, New Orleans; M. Hayward Post, 
St. Louis; W. Howard Morrison, Omaha; Roy FE. Mason, St. Louis, and Albert 
N. Lemoine Jr., Kansas City, Mo. 

A detailed program in ophthalmic surgery to be presented in St. Louis hos- 
pitals will be distributed at the registration desk during the meeting. 

The St. Louis Ophthalmological Society has scheduled a special dinner for 
visting ophthalmologists on Tuesday, March 12, in the Tiara Room of the Park 
Plaza Hotel. Dinner tickets will be available at the registration desk. 

Detailed information about the program and hotel reservations may be ob- 


tained by writing to the Department of Organization and Assembly, American 
College of Surgeons, 40 E. Erie St., Chicago 11. 


Program in Ophthalmic Surgery, Montreal... Ophthalmologists from Can- 
ada and the eastern United States are cordially invited to a Sectional Meeting of 
the American College of Surgeons to be held in Montreal, April 6-9, 1959. 

Extensive programs in ophthalmic surgery are to be presented at the Queen 
Elizabeth Hotel and at local hospitals, April 6-8. These programs are being 
arranged by a committee of ophthalmic surgeons in Montreal, headed by John C. 
Locke. Visting speakers will include A. G. DeVoe, I. S. Jones, A. F. DeRoetth, 
J. H. Dunnington, and R. T. Paton, all of New York; C. C. Johnson, R. Trotter, 
and P. A. Chandler, all of Boston, and A. D. Ruedemann Sr., A. J. Elliot, and 
H. L. Ormsby, all of Toronto, 


Hotel sessions will also include the following papers by Montreal participants : 
Cataract Extraction with the Use of Alpha-Chymo-Tripsin,” by Roland Cloutier; 
“A Clinical Observation in Central Serous Retinopathy,” by Harry Magder; 
“Microphthalmos with Orbital Cyst: Case Report,” by Michel Mathieu. 

Programs will also be presented at the Royal Victoria, Montreal General, and 
Montreal Children’s Hospitals. These sessions will include a round-table con- 
ference on Detachment of the Retina, with Samuel T. Adams, Robert J. 


Brockhurst, P. Robb McDonald, L. Harrell Pierce, and Donald M. Shafer as 
participants. 


The following papers will also be presented by Montreal participants : 
“Results of Treatment of Dacryocystitis in Children,” by R. Alan Bourne; 
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“The Collection, Storage, and Selection of Human Vitreous for Use in Retinal 
Detachment Surgery,” by G. Keith Edwards; 

“Results of Surgical Treatment of Traumatic Cataract in Children,” by Alfred J. 
McKinna; 

“Ocular Aspects of Head Injury,” by Sean B. Murphy; 

es ae of the Patient with a Reading Difficulty,” by John V. V. 
Nicholls; 

“Radiation Therapy of Diseases of the Cornea: Ophthalmological Aspects,” by 
William Turnbull; 


“Radiological Aspects,” by Jean Bouchard. 


Detailed information about the program and hotel reservation forms may be 
obtained by writing to the Department of Organization and Assembly, American 
College of Surgeons, 40 FE. Erie St., Chicago 11. 


Meeting of Alumni Association of New York Eye and Ear Infirmary.— 
The Annual Spring Meeting of the Alumni Association of the New York Eye and 
Kar Infirmary will take place April 20-23, 1959, at the Infirmary. 

Symposia will be offered on headache, complications of ocular surgery at the 
operating table and their management, management of postoperative complications 
(24 hours to 2 weeks), practical application of new therapeutic measures in oph- 
thalmology, and ophthalmic plastic surgery. There will also be a closed-circuit 
television demonstration of surgical operations. 

In addition, courses will be offered in the following subjects: recent advances 
in biomicroscopy, contact-lens fitting, external eye diseases, indirect ophthalmos- 
copy, pterygium surgery, tonography, vertical eye muscles, recent advances in 
ophthalmic research, ocular pathology, macula function, orthoptics, electrophysi- 
ology of the eye, and corneal transplants. 

Additional information may be obtained by writing to Dr. John R. Finlay, 
Secretary, Alumni Association, 218 2d Ave., New York 3. 


Seminar on Glaucoma.—A seminar on glaucoma, with particular emphasis 
on gonioscopy and the study of the anterior angle, will be given at the Brooklyn 
ye and Ear Hospital on May 18-20, 1959. Ample opportunity for practical 
instruction in the use of the gonioprism will be given, and material from the 
glaucoma clinic will be utilized. 

The course will be given by Dr. Daniel Kravitz, assisted by Drs. Mortimer 
A. Lasky, Nicholas P. Tantillo, and Samuel Zane. 

Registration is limited to six ophthalmologists only. 


Application and the fee of $50 may be addressed to Dr. Daniel Kravitz, 
srooklyn Eye and Ear Hospital, 29 Greene Ave., Brooklyn 38. 


Biological Photographic Meeting. The first Midwestern Sectional Meet- 
ing of the Biological Photographic Association will take place here April 24 
through 26 at the State University of Iowa, lowa City. Distinguished photo- 
graphic specialists in medicine, dentistry, biology, and other sciences will attend, 
representing major medical and dental schools, hospitals, research institutions, 
and science centers from Canada and nine midwestern states (Illinois, lowa, 
Kansas, Minnesota, Missouri, Nebraska, North and South Dakota, and Wis- 
consin ). 

A fascinating salon of color and black-and-white photographs will feature 
striking displays of clinical and specimen photography, photomicrography, and 
natural science. A motion picture program is scheduled for Friday evening, 
April 24, reviewing new medical and scientific films. 

The Biological Photographic Association is the only professional society in 
the United States dedicated to the skills of medical and scientific photography. 
Founded at Yale University in 1931, the world-wide membership includes physi- 
cians, medical editors, educators in the fields of medicine and science, and staff 
photographers of medical and scientific institutions. The Association issues the 
authoritative Journal of the Biological Photographic Association, a quarterly pub- 
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lication of illustrated articles on scientific photography, motion pictures, and 
photomicrography in color and monochrome. 

lor further information write Mr. Carroll H. Weiss, Director of Professional 
and Press Publicity, 160 Riverside Dr., New York 24. 


Meeting of the New Mexico Ophthalmological Society. The 1959 Annual 
Meeting of the New Mexico Ophthalmological Society will be held in Santa Fe, 
N. Mex., April 30, May 1, and May 2, 1959. The guest speaker will be Dr. Peter 
C. Kronfeld. Among the topics to be discussed are “Complications of Cataract 
Surgery,” “Current Techniques of Retinal Detachment Surgery,” and “Diagnostic 
Problems.” For further information, write Dr. J. A. Dillahunt, Secretary, 106 
Girard Blvd., S. E., Albuquerque, N. Mex. 


SOCIETY NEWS 


Central Illinois Society of Ophthalmology and Otolaryngology.—The 
The newly elected officers of Central Illinois Society of Ophthalmology and 
Otolaryngology are as follows: 

President: Dr. William IF. Hubble, Decatur. 

President-Elect: Dr. Charles D. Sneller, Peoria. 

Vice-President: Dr. Edgar T. Blair, Springfield. 

Delegate-at-Large: G. Leroy Porter, Urbana. 

Secretary-Treasurer: Dr. Clarence A. Fleischli, Springfield. 

The spring meeting will be a joint meeting with the Indiana Academy of 
Ophthalmology and Otolaryngology, French Lick, Ind., April 24-26, 1959. The 
fall meeting will be held in Decatur, IIl., Sept. 25 and 26, 1959. 


International Council of Ophthalmology and International Federation of 
Ophthalmological Societies._A meeting of the International Council of Oph- 
thalmology was held during the XVIII International Congress of Ophthalmology 
in Brussels, on Sept. 6, 1958. 

The following is a brief résumé of the more important business. 

1. Report of the Treasurer.—The financial position of the Council was _re- 
ported to be satisfactory. The contribution to the Council for International Or- 
ganizations of Medical Sciences came under review. Hitherto the CLOMS 
received $100 U.S. annually from the Council and each International Congress 
paid $500 to the same body. In view of the increased subsidy desired by the 
CIOMS, the Council undertook to pay $300 U.S. annually and hoped to recoup 
itself to the extent of $500 from each International Congress. Great regret was 
expressed at the resignation of Amsler from the post of Treasurer, which he had 
filled for eight years with much distinction. 


2. It was considered desirable to give more publicity to the Report on 


Ophthalmological Education throughout the world, presented to the Council in 
1954. This report will be published in the British Journal of Ophthalmology, and 
a reprint will be sent to all universities with a Faculty of Medicine. 

3. It was decided that the recently formed European Society of Ophthalmology 
would be represented on the International Council; Francois was accepted as 
the delegate. This society, which has been joined by all countries in Europe 
except Bulgaria and Russia, will hold its first congress in Athens in April, 1990. 

4. The Index Ophthalmologicus (1958) was distributed gratuitously to all 
members attending the XVIII International Congress at Brussels. Further copies 
of this volume are obtainable through Dr. A. C. Copper (Coehoornsingel 42, 
Zutphen, Holland). 

5. The Multilingual Ophthalmological Dictionary, published under the auspices 
of the Council, will be on sale early in 1959; the publisher is S. Karger AG., Basel. 

A meeting of the International Federation of Ophthalmological Societies was 
held in Brussels on Sept. 8, 1958. 


The recommendations of the International Council were in general approved, 
The follewing is a brief résumé of the other business. 
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1. It was decided that the subscriptions paid by affiliated societies should 
remain at the present figure of one-half Swiss franc per member per annum. 

2. The new Statutes put forward in the International Congress of 1954, in 
Montreal were adopted with the modification that the national committee organizing 
the International Congress would have the right to refuse to accept communica- 


tions submitted to it in order that the number of such communications could 
be reduced and their standard raised. 


3. Two reports already passed by the International Council were accepted 
by the Federation. In the testing of the color sense in transport workers by 
isochromatic plates, the Swedish test, Bostrom (B II 1950) was admitted as 
well as the test of Ishihara. A report on visual safety on trunk roads concluded 
that trees bordering them or advertisements, if not too numerous, gave rise to 
no danger from the visual point of view. 

4. The Ophthalmological Societies of Burma and Tunis were accepted as 
members of the International Federation. 

5. It was decided that the XIX International Congress should be held in India 
at New Delhi in 1962. 

6. The New International Council.—Office-bearers to the International Council 
and the replacements of 5 of the 10 ordinary members were elected to hold office 
during the next four years. The new Council consists of the following: 
Sir Stewart Duke-Elder, President; C. Berens, Vice-President; FE. Hartmann, 
Secretary; B. Streiff, Treasurer. 

Members: Arruga (Barcelona), Palomino Dena (Mexico), Espildora Luque 
(Santiago, Chile), Lyle (London), Melanowski (Warsaw), MacDonald 
(Toronto), Miller (Bonn), Paufique (Paris), Uyemura (Tokyo), Weve 
( Utrecht) 

Ex-officio: Bietti (International Association for the Prevention of Blindness), 
Franceschetti (International Organization Against Trachoma), Payne (Pan- 
American Association of Ophthalmology), Frangois (Pan-European Society of 
Ophthalmology), Coppez (President of the last Congress), The President of 
the next Congress, Copper (Secretary for the Index Ophthalmologicus ). 


Delta Gamma Foundation Scholarships.—Scholarships are being offered 
by the Delta Gamma Foundation for the training of orthoptic technicians, teachers 
of partially seeing children, and specialists for blind children. The deadline for 
applications is May 1, 1959. For further information, write the Delta Gamma 
Central Office, 1820 Northwest Blvd., Columbus 12, Ohio. 


Postgraduate Courses at the Institute of Ophthalmology of the Ameri- 
cas.—The Institute of Ophthalmology of the Americas, New York Eye and 
Ear Infirmary, will offer the following postgraduate courses : 

1. Ocular Surgery, May 18-29, 1959. It will include Cataracts; Keratectomies 
and Keratoplasties; Pterygium; Lacrimal Sac; Retinal Detachment; Muscles, 
including Ptosis; Glaucoma; Enucleation and Evisceration, and Orbitotomy. 
Registration is limited. Preference will be given to ophthalmologists taking the 
entire course. If places are available, doctors may register for individual parts. 

2. Histopathology of the Eye, May 18-23, 1959. Registration is limited. 

For further information, please write Mrs. Tamar Weber, Registrar, Institute 


of Ophthalmology of the Americas, New York Eye and Ear Infirmary, 218 2d 
Ave., New York 3. 
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Highlights of Ophthalmology. By Benjamin F. Boyd. Price, $7. Pp. 281, 
including index, with 150 illustrations. Star & Herlad Co., Box 1189, 
Panama, R. P., 1958. 

The three parts of this book are as follows: Part | covers the Pan-American 
Congress of 1957, the Chicago Ophthalmological Society Meeting of 1957, the 
Arthur Bedell Lecture of 1957, and a section on personal interviews. The latter 
seem to be tape recordings of interviews between the author and well-known 
ophthalmologists throughout the country. Part I] is a new section on highlights 
of ocular surgery and includes the annual meeting on glaucoma sponsored by the 
National Society for the Prevention of Blindness. Part II] covers the 1957 meeting 
of the American Academy of Ophthalmology and Otolaryngology, the last round- 
table discussion of the Society of Eye Surgeons and Eye Fitters, and another 
section on personal interviews. 

The book is a curious collection of academic ophthalmology, textbook instruc- 
tion at the first-year residency level, and news coverage with a slant toward the 
Time-Look-U. S. News style. The illustrations particularly fall into this pattern. 
While much that is contained in this little book can be criticized as being 
newspaper type of coverage, there is certainly a need to document what is going 
on in the ophthalmological world at the grass-roots level. 


In this respect, the 
editor is certainly to be congratulated. 


Pathophysiology and Surgery. By James D. Hardy. Price, $19. Pp. 704, with 
278 illustrations. The Williams & Wilkins Company, Mt. Royal & Guilford 
Aves., Baltimore 2, Md., 1958. 

Occasionally one finds a book on general medicine or surgery which looks so 
interesting that a mental note is made to read it or at least peruse it at some 
future hoped-for leisure time. This is such a book. There is nothing in it bearing 
directly on ophthalmology, but there is much in it which would make one a be‘ter 
ophthalmic surgeon. For example, the chapters on the physiology of injury, 
including the local responses of the tissues; the general consideration of the water 
content of the body; the physiology of connective tissue and wound healing and 
the homotransplantation of tissues; the pathophysiology of thermal burns; radioac- 
tive isotopes; the biology of aging, and, finally, the physiology of anesthesia, are 
all parts of this book which are stimulating and look inviting. One functions 
better in small details if a broad base of general principles has been provided, 
and this is the type of book which provides these. Make sure that this book is in 
your department's ophthalmological library and find the few minutes necessary to 
broaden this base—it is rewarding. 


Textbook of Physiology. by William PD. Zoethout and W. W. Tuttle. 
Thirteenth edition. Price, not given. Pp. 712, with 305 illustrations. The C. V. 
Mosby Company, 3207 Washington Blvd., St. Louis 3, 1958. 

This very popular textbook of physiology has gone through thirteen editions. 

It has always had an excellent section on the physiology of the eye, and, for this 
reason, it should be well known to ophthalmologists. It is somewhat regrettable 
that in this edition the more recent advances in the physiology of vision have 
not been adequately dealt with. Instead of basic physiology half a page is devoted 
to ocular hygiene, which has no place in a book of this sort. It is to be hoped that 
in the next edition the section on physiology of the eye will be more adequately 
revised. 

General Ophthalmology. By Daniel Vaughan, Robert Cook, and Taylor As- 
bury. Price, $4.50. Pp. 328. Lange Medical Publishers, Los Altos, Calif. 1958. 

This book reviews the whole of ophthalmology for medical students, physicians, 

pediatricians, internists, and resident physicians in ophthalmology. It is really a 
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compendium, but, unlike most, the selection of the material has been very carefully 
done, and the book is ideal for reviewing ophthalmology for those about to be 
exposed to examinations. The illustrations are excellent. 

One of the interesting features of the book is the announcement that the 
second edition will appear in 1960 and that the material for this has already 
been started. Although each subject is dealt with concisely, there is a good 
bibliography at the end of each chapter and the student may pursue his search 
for further information in this manner. 


Mirror to Physiology: A Self-Survey of Physiological Science. By Rk. W. 
Gerard. Price, not given. Pp. 372. American Physiological Society, Inc., 
9650 Wisconsin Ave., Washington 14, D. C., 1958. 

This is a survey of the field of physiology and seeks to answer questions of 
interest to investigators, teachers, administrators, editors, and grantors who have 
a common interest in this branch of basic science. It represents an enormous 
expenditure of time and effort and will be of value to ophthalmologists interested 
in research in fields of ocular physiology, particularly if they are administrators. 
The author has viewed the results of his labors far too pessimistically when he 


states, “Fondly conceived as another Flexner report, it lacked the Flexner to 
produce it.” 
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Here is the common-sense answer to the 
psychological problems of the early presbyope .. . 


THE YOUNGER BIFOCAL * 


o Every refractionist is faced from time to time with 
yd the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area .. . and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


O N G MANUFACTURING 
COMPANY 


/ 
~ 1829 South Main Street + Los Angeles 15, Calif. 


MATALENE 


SURGICAL INSTRUMENTS CO., INC. 
GRAND CENTRAL PALACE BUILDING © 125 EAST 46TH ST., 
NEW YORK 17, N. Y. 
Successors to the E. B. Meyrowitz Surgical Instruments Co., Inc. 


BAILLIART OPHTHALMODYNAMOMETER 


IMMEDIATE DELIVERY 


For measuring the diastolic and systolic blood pressure in the 


central artery of the retina. 


SUPPLIED IN CASE $35.00 


STAINLESS STEEL CABINETS 
FOR THE OPHTHALMOLOGIST 


Formica covered working surface. Other models 
start at $60.00. Stools and instrument tables 


available. 


P & S MEDICAL EQUIPMENT 
14525 Arminta, Van Nuys, California 
ST 0-0447 


POSTGRADUATE COURSE 
of the 
UNIVERSITY OF COLORADO 
SCHOOL OF MEDICINE 
and the 
SUMMER CONVENTION 
of the 
COLORADO OPHTHALMOLOGICAL 

SOCIETY 


July 6, 7, 8, 9, 1959 
ASPEN, COLORADO 


“NEW DEVELOPMENTS AND FUTURE 
TRENDS IN OPHTHALMOLOGY” 
FOUR OUTSTANDING GUEST SPEAKERS 


This annual postgraduate course, first held in 1915, 
has attracted physicians from all of the 49 states. 
This year, for the first time, it will be held in the 
mountain resort village of ASPEN, COLORADO 
where outstanding facilities for education, recreation 
and cultural pursuits are available. Tuition $50.00 


Complete program and details will be 
mailed upon request to: 

Office of Postgraduate Medical Education 
University of Colorado School of Medicine 
4200 East Ninth Avenue 
Denver 20, Colorado 


ACHROMYCIN Tetracycline ACHROMYCIN V_ Tetracycline with Citric Acid Lederle 


a most 
widely used 


useful... 
antibiotic 


ACHROMYCIN V: Capsules + Pediatric Drops + Syrur 


ACHROMYCIN: Capsules + Ear Solution 0.5% + Intramuscular + Intravenous + Nasal Suspension with Hydrocortisone and Phenylephrine 
Ointment 3% + Ointment 3% with Hydrocortisone 2% + Ophthalmic Oil Suspension 1% + Ophthalmic Ointment 1% +« Ophthalmic Ointment 
1% with Hydrocortisone 1.5% + Ophthalmic Powder (Sterilized) + Oral Suspension + Pediatric Drops - Soluble Tablets 
SPERSOIDS® Dispersible Powder Surgical Powder (Sterilized) + Syrup + Tablets 


*Reg. U. S. Pat. Off. 


LEDERLE LABORATORIES, @ Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 


203 


. 
* 
4 t t 
| 
+ 


PERM-EDGE CATARACT KNIVES — KERATOMES 


Now made of greatly improved 


Stainless Steel 


@ Sharp, Long Lasting Edges 
@ Will K. . Rust or Peel 
@ Easily Resharpened 


10.00 EA 


Available for immediate delivery 
from your local surgical supply dealer 


ey COMPANY, 425 FOURTH AVE, NEW YORK 16, N.Y. 


From V. Mueller 


IMPROVED B-1 OPHTHALMIC BETA RAY APPLICATOR 


For treatment of superficial corneal diseases 


@ No nuclear gamma radiation . . . strontium- 
yttrium-90 in a sealed source 


@ Has a smaller active face in exclusive swivel 
mounted head 


@ Available to qualified ophthalmologists in 
50 or 100 millicurie content 


Free on request—''Radiation Therapy Sources," 
detailed data with summary of U. S. Atomic 
Energy Commission regulations. 


MUELLER « CO. 
Fine Surgical Instruments 
and Hospital Equipment 
330 SOUTH HONORE STREET, CHICAGO 12, ILLINOIS yA 
DALLAS HOUSTON LOS ANGELES ROCHESTER, MINN. 
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BERENS-TOLMAN OCULAR HYPERTENSION INDICATOR 


This instrument is a direct reading 
tonometer that needs no adjust- 
ments or charts. 


It is set to 25 mm. Hg. and shows 
instantly upon being applied to 
the cornea if the tension is above 
or below that point. 


All metal parts are stainless steel 
and are made exactly to the 
standards of the Schiotz Tonom- 
eter. 


Complete descriptive booklet is furnished with each 
instrument. 


Price $18.50 


225 Cadwalader Ave. 


For the OPHTHALMOLOGIST and his associates in GENERAL PRACTICE. 
The two instruments complimenting the SCHIOTZ TONOMETER. 


Available at all Optical and Surgical Suppliers 
Manufactured By 
R. O. GULDEN 


Schiotz Tonometer Standardization—Repair—Maintenance Service 


TOLMAN TONOMETER MICROMETER 


An ideal instrument for checking the readings of the 
Ocular Hypertension Indicator and the mechanical ac- 
curacy of the Schiotz Tonometer. 


The top of the instrument is 
an exact 16 mm. radius test 
block and the dial is gradu- 
ated 0 to 20 same as the 
Schiotz Tonometer. 


Made to the same exact standards as the Ocular Hyper- 
tension Indicator. 


Price $25.00 


Philadelphia 17, Penna. 


RELIANCE 
Species 


WINS 
PROFESSIONAL 
APPROVAL 


Features in addition— 
Rapid patient positioning 
Smart appearance 
Trouble-free durability 


Manufacturers since 1898 


KOENIGKRAMER CO. 


Dept. A-3, 96 Caldwell Drive, 
Cincinnati 16, Ohio 


Appropriately named the 
SPECIALIST, this Reliance 
chair—created expressly for 
eye examination and treat- 


ment—allows the doctor, 
when seated, to work close 
to his patient, without 


stretching or leaning. 


See your authorized dealer 
or write for brochure. 


F. & F. KOENIGKRAMER CO., Dept. A-3, 
96 Caldwell Drive, Cincinnati 16, Ohio 


Please send ''The Specialist'’ brochure 
NAME.. 
ADDRESS 


CITY.. ZONE STATE 


DEALER 
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YOUR 
GUIDE TO 
CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted The QUARTERLY CUMULATIVE 


to books and the other to periodical INDEX MEDICUS appears twice a 
literature, the QUARTERLY CUM- year; volumes are cloth bound and 


ULATIVE INDEX MEDICUS sl cover periodicals for six months as 
tains a list of current publications nape tea 

alphabetized as to authors and sub- indicated on the publication. These 
jects. The exact bibliographic refer- two volumes will be a convenient 
ence is given under the author with and inclusive reference for current 


titles in the original language, while medical literature. Invaluable for 
titles under subjects are all in Eng- © ae 
ractitioners, specialists, teachers 
lish. The index also includes a P , 5 


listing of journals, addresses and editors, writers, investigators, stu- 
publishers. dents and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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when the eyes have it 


There are five dosage forms of Neo-Synephrine 
| hydrochloride especially formulated 
for vasoconstriction and mydriasis 
in ophthalmologic conditions, 


ce. (1/2 fez.) N70 
NEO-SY 
HYDROCHLORIDE 
of 
hydrechlende 


OPHTHALMIC 
Sea 


thort acting 


mydriasis in 
refraction, 
solution ophthalmoscopy, 
surgery and the 
Decongestant 
: nt of 
relief of NEPHR : 
itching a 
smarting. 10°, solution (plain or viscous) 
and emulsion 
that eliminate dropper synechiae and preventing 
contamination and 
f 
: simplify instillation. In glaucoma: For temporarily 


reducing intra-ocular tension and 
for performing the provocative 
test for angle block. 

For use in surgery. 


Hydrochloride 
wide application in ophthalmology 


LABORATORIES NEW YORK 18, N.Y. 
*Mono-Drop, trademark 


Neo-Synephrine (brand of phenylephrine), trademark reg. U.S. Pat. Off. 
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Edroy 
Products Co. 


Dept. E, 480 Lexington Avenue 


New York 17, N. Y. 


Many Cases of 
Subnormal Vision 


respond to “3D3” 


Magnifies equal to 3 times 
in 3 dimensions with 


focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
by Ophthalmologists with this revolutionary “3D3” Opricaip 
Spectacle loop. 

Each “3D3” Opticaip loop is light in weight, perfectly bal- 
anced. Its lenses give high luminosity in a wide field of view. 
Permits adjustment of the pupilary distance from 58mm_ to 
70mm. Provision is made for prescription glasses when neces- 
sary. “3D3” Opticaip opens a whole new area of service, 
enabling you to offer substantial aid to many cases of retarded 
vision. Write for full details. Retail Price $50. 


light transmission. 


When a person has his picture taken wearing 
glasses, ever notice the reflections on the lenses? . . 
These are “ghost images.” MAY-O-LITE, a lications if desired. 
Low Reflection Lens Coating, reduces reflec- 
tions up to as much as 95 per cent, yet increases 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-0-LITE 


Low Reflection Coating 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will-be sent to the con- 
tributor. Credit will be given in any resulting pub- 


Telegraph collect if specimen being sent. 
Send eyes to 
Samuel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 


| University of California School of Medicine 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. | San Francisco 22 
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carbachol with methylcellulose 
STERILE OPHTHALMIC SOLUTION 


Isopto Carbachol is a nonirritating solution that 
has been shown to be as effective as carbachol solu- 
tions containing higher concentrations of surface 
active agents.! More active than pilocarpine, Isopto 
Carbachol produces a greater degree of miosis and 
requires fewer applications. 


pilocarpine HCI, eserine 
salicylate and methylcellulose 
STERILE OPHTHALMIC SOLUTION 


A comfortable, isotonic solution of pilocarpine HCl 


2% and eserine salicylate 0.25% with 0.5% methyl- 
cellulose for prolonged contact. 


A complete line of sterile ophthalmic solutions for glaucoma therapy: 


carbachol 0.75% 
ISOPTO CARBACHOL with 1.5% 
methylcellulose 3% 
0.25% 
pilocarpine HCI 
ISOPTO® CARPINE with 90/ 
methylcellulose 3% 
4% 
eserine 
ISOPTO® ESERINE salicylate 
with methylcellulose 


pilocarpine HCI 2%, 
ISOPTO P-ES eserine salicylate 0.25% 
with methylcellulose 


All Alcon miotics are supplied in the 15 cc. Drop-Tainer®. 


Alcon miotics have green caps and dropper tips. 
Alcon mydriatics have red caps and dropper tips. 


‘Alcon Research Report No. 9 


GSES ALCON LABORATORIES, INC., Fort Worth, Texas 
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777) 20/20 WITH TRIAL LENSES ... and 
20/40 WITH FINISHED GLASSES 


VERTEX 


DISTANCE USE THE 


LENSCOROMETER 


AUSTIN BELGARD PRODUCT 


When lens in the trial frame is twelve millimeters from the eyes, and the finished 


glasses are eight millimeters away, the effective power of a +12.00 will be only 
+ 11.37. 


To insure true translation of prescriptions, in corrections of 5 diopters or more (— ) 
or (+), use the Lenscorometer. $14.75 


109-111 NORTH WABASH AVENUE, CHICAGO, ILLINOIS 
1139 CENTRAL—WILMETTE, ILLINOIS 


Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
Technical skills and are at the mercy of the dispensers who inter- 
services that will pret them. They will be safe in the hands of 
never let you down Dow seasoned craftsmen, whose devotion to the 

exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 31 years 


of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 
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BI-CURVE 


The SPHERCON is constructed to have 
the least possible effect on the exchange 
of precorneal fluid. It is constructed and 
fitted to allow minimal interference with 
the corneal metabolism. This lens is non- 
touching because it follows the central 
contour of the cornea and lies on a layer 


of tears. 


The fluorescein pattern shows how the 
SPHERCON allows the exchange of 


THE PLASTIC CONTACT LENS COMPANY 


KNOWLEDGE — RESEARCH— DEVELOPMENT 


TRI-CURVE MULTI-CURVE 


normal eye fluids on the surface of the 


cornea, and yet maintains its function as 


a contact lens. There is an even flow of 


fluorescein from a deeper layer in the 


periphery, through an intermediate layer, 


to a thin layer at the central optical area. 


Experiments have shown minimal 


corneal distortion and curvature changes 
with the SPHERCON lens. 


Write for your Contact Lens Fitting Manual, 


59 E. MADISON ST., CHICAGO, ILLINOIS 


_BI-CURVE...TRI-CURVE... and MULTI-CURVE 
 SPHERCON? 
f 
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The Traveling Man 
from Mager & Gougelman 


Eddie Kerr has helped physicians fit 
thousands of patients with artificial 
eyes. Like the other experts from our 
offices, he provides you with technical 
information and assistance on difficult 
cases. The samples in his case will 
match many patients. Or, he can 
make eyes that perfectly match with 
the materials he carries. One of our 
experienced men visits most areas 
regularly—another reason to call or 
write our nearest office for your next 
ocular prosthesis. 


© Eyes custom made— 
glass or plastic 

© Eyes from stock sent on 
same day order received 


Damaged or broken eyes 
oge accurately matched 
Artificial Eye types oF 
Service motility implants 
Implants, 
X-Rey therapy shields, 
foreign body locators 


® Superior Quality— 
Finest Workmanship 


Mager and Gougelman tne. 


Serving the Profession Since 185] 
30 N. Michigan Ave. 


120 E. 56th St. 


Chicago 2, Illinois New York 22, N. Y, 


CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 
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Seeing is believing ... 


COMPARE THE APPEARANCE AND 
OPTICAL PERFORMANCE OF THE 


WITH ANY LENS YOU’VE EVER KNOWN 


COMPARE IT FOR CLARITY — never before has 
clearer vision been available for post-operative 
cataract cases. 

COMPARE IT FOR LIGHTNESS — the special plastic 
material used to make I-GARD lenses is so 
amazingly light in weight that aphakic patients 
are more than satisfied. 

COMPARE IT FOR READING FIELD — the wide read- 
ing segment of the I-GARD lens is 6mm. greater 
than most other cataract bifocal lenses. 


COMPARE IT FOR COSMETIC APPEARANCE — the thin- 
ness of the I-GARD lens, together with its light 


weight, is a source of great satisfaction to 
cataract patients. 


YET FOR ALL THIS, fegamd LENTICULAR 
CATARACT BIFOCALS COST NO MORE 
THAN LENSES OF GLASS! 


McLEOD 
OPTICAL CO., INC. 


357 Westminster St., 
Providence 1, R. I. 


LENTICULAR CATARACT BIFOCAL ¥ 
DIA. 
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shades of MODERN 


For outdoor presbyopes 


LIGHT ‘or 
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1.00 > 
oso yy Vy 
ultraviolet #9 YY CIES You can’t give your patient a better, 
Uf more effective neutral absorptive 
WT rg filter in a bifocal or 3-way than 
/ Vy J, 
[ths Charcoal Gray, LIGHT r “Charcoal Gray—dark.” Both 
Y, transmit near-normal color values 
S Charcoal Gray, DARK 
| . . . bar abiotic and erythemal 
0 400 500 600 700 
_— ultra-violet. Both have neutral line, 
Charcoal Gray, LIGHT = 37% total luminous transmission. threshold-welded segs, manufactured 
Ideal for presbyopes who're in and out of the sun a great deal— under the industry's most rigid 
salesmen, engineers, supervisors and service personnel, etc. inspection system. Both come in 


Modern “B”, Modern “D”, and 


Charcoai Gray, DARK — 19% total luminous transmission. Mono- centric Seg 3-way, the uniformly 


Perfect for presbyopes who stay out in the sun for long periods—driv- 
ers, construction workers, boaters, golfers, hunters, fishermen, etc. 


3 fine MODERN lenses in 2 shades of Charcoal Gray MODERN OPTICS 
” Se 


3-wav INCORPORATED 
HOUSTON, TEXAS 


top-quality multifocals made by . . . 
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The following articles from TODAY'S HEALTH are 
now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. 

I AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 

BARBITURATES, BOOZE AND OBITUARIES. A discus- 
sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents. 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 
the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 


10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS. Written from the standpoint 
of a member, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nutri- 
tional differences. by Russell S. Boles. 

HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
THE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 

CONDITIONED REFLEX TREATMENT OF CHRONIC 
ALCOHOLISM. Its place among methods of treatment today, 
its development and correlation with personality factors. by 
Walter L. Voegtlin. 

INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
of trained personnel. by E. H. L. Corwin. 


ORDER DEPARTMENT 


AMERICAN MEDICAL ASSOCIATION 
35 N. DEARBORN ST., CHICAGO 10, ILLINOIS 
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FOR CONTACT LENSES OF THE HIGHEST QUALITY? 


a OBRIG LABORATORIES is the pioneer and oldest manufacturer of plastic contact lenses. 
aa OBRIG LENSES are the product of twenty years of research and experience. 
3) OBRIG LENSES stand for unsurpassed quality and excellent service. 


4) OBRIG LABORATORIES makes available to its customers a consultation service and assists them with 
their problem fitting cases. 


5) OBRIG LABORATORIES keeps its fitters abreast of all the latest developments 
and techniques in the contact lens field. 
e 
Okvig LABORATORIES, INC. 
Manufacturers of 
all types of lenses 


new york office... 
75 East 55th Street 
New York 22, N. Y. 


sarasota, florida office... 
P. O. Box 791 
Sarasota, Florida 


WHEN YOUR DIAGNOSIS INDICATES 


ORTHOPTICS 


BASIC COURSE IN ORTHOPTICS 


CONSIDER OUR 
FOR TECHNICIANS SALES RECORD OF 
OVER 11,000 SETS 
Sponsored by The 
DVORINE 
American Orthoptic Counci ANIMATED 
June 22 to August 15, 1959 peoeooocoooooeee 
By the Department of Ophthalmology FUSION 
University of Michigan Medical School CHARTS 


Ann Arbor, Michigan A complete set of fusion charts in full color for office 


and home training, Base-in and Base-out. 


OUTSTANDING FEATURES 
@ Nine Groups of 


Didactic Lectures and 
Practical Demonstrations 


by Outstanding Faculty | © Animation 

@ Gay Colors Charts 

® Duo-Chrome © Vertical Fusion 
Spectacles and Device 
Drawing Outfit ®@ Tracing Sheets 


(A limited number of scholarships are available. 
For these write Mrs. Raleigh Daniel, 2666 Chain 
Bridge Road, Washington, D. C., the National 
Scholarship Chairman for the Delta Gamma Foun- 


Department of Ophthalmology 
University Hospital 
Ann Arbor, Michigan 


dation.) ALL IN Available on pre- 
‘or applications and further information ONE SET scription at your 
with directions Ophthalmic Dispens- 

er, American Opti- 

John W. Henderson, M.D. $12.00 cal Co., and other 


companies your order 


Less 5% if check ac- 


optical supply 
houses. 


SCIENTIFIC PUBLISHING CO. 


Dept. A—2328 Eutaw Place 


Baltimore 17, Maryland 
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for local relief 
of glaucoma 
and strabismus 


ISOFLUROPHATE 


highly potent 
—may be effective when other agents fail 
» long-acting 
—in glaucoma, one instillation a day is often sufficient 


—in strabismus, one instillation every two days to one week 


aphakic 
chronic noncongestive 
congenital and infantile 
secondary, except in presence o1 
active uveal inflammation 
preoperative control of intraocular pressure 
antidote against atropine 


nonparalytic, concomitant, 
convergent (esotropia) 
especially: 
in the very young 
when behavior problems preclude glasses 
to ease the transition from glasses 
as a temporary substitute for glasses 


‘Floropryl’ is a valuable adjunct to oral ‘Daranide’ 
for treatment of certain types of glaucoma 


Dosage: Either the 0.1 per cent solution or the 0.025 per cent ointment may be 
used in glaucoma, depending on the strength needed, but only the 0.025 per cent 
ointment is recommended for strabismus. See package circular or brochure 
available to physicians on request for detailed information about administration, 
dosage and precautions. 

Supplied: for ophthalmic use only — 0.1 per cent solution in peanut oil, in 5 ce. 
vials. 0.025 per cent ointment, in 3.5 Gm. tubes. 


"FLOROPRYL’ and “DARANIDE’ (Dichlorphenamide) are trademarks of Merck & Co., Inc. 


mG MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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reduce intraocular pressure 
with a new. highly potent 
arbonic anhydrase inhibitor 


Cc 


inhibits aqueous humor formation—lowers intraocular pressure 
continued effectiveness, even with long-term use 
reduces danger of metabolic acidosis 

may be effective when other therapy. including miotics, 
has failed or has not been tolerated 

smooth control—few side effects 

low dose effective ness—less then with other carbonic 
anhydrase inhibitors 

effective orally—unsurpassed absorption after 

oral administration 

fast acting—effective within one hour; eflect maintamed 
6 hours 

economical 


Indications: Chronic simple (wide angle) glaucoma; acute congestive (narrow angle) glaucoma; chronic 
congestive glaucoma; secondary glancoma (acute phase); preoperative control of istraocalar presgure of glaucoma. 
Dosage: Usual adult dosage is from 25 to 56 mg. ofice to three or four tines daily. Therapy with ‘Dara: ide’ 

is osually most successful when employed in conjunction with miotics. As with patients on any other 

carbonic anhydrase inhibitor, it is essential to keep & close check on the electrolyte balance of the patient 
during therapy with "‘Deranide’. 

Additional information on ‘Duranide’ is available to physicians on request. 

Supplied: ‘Daranide’ Tablets. 50 mg.. bottles of 100, 


"GARANIDE™ of Marck & Co, Inc. 


RCK SHARP & DOHME, DIVISION OF MERCK & CO, Inc. PHILADELPHIA }. Pa. 
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PACK MINIMS 


STERILE PACK MINIMS 


Absolute sterility of all surfaces of the 
Minims unit is assured by the pliofilm over- 
wrap. 


Ophthalmic drugs available 

in the Minims package: 
ATROPINE SULFATE 1% 
ATROPINE SULFATE 2% 
ESERINE SALICYLATE 0.5% 
ESERINE SALICYLATE 0.25% 
PILOCARPINE HCI 1% 
PILOCARPINE HCl 2% 
FLUORESCEIN SODIUM 2% 
HOMATROPINE HBr 2% 
HOMATROPINE HBr 5% 
PHENYLEPHRINE HCI 2.5% 
PHENYLEPHRINE HCI 10% 
SCOPOLAMINE HBr 0.2% 
TETRACAINE HCI 0.5% 


MINIMS...0 particularly valuable 
administration unit for... 
SURGERY 
OPHTHALMOLOGICAL OFFICES 
HOSPITAL WARDS 

INDUSTRIAL MEDICINE 
EMERGENCY ROOMS 

PATIENT USE 


OPHTHALMIC DROPS 


STERIL 


STERILE 


IN 
DISPOSABLE UNITS 


Each unit contains the number of 
drops commonly used per applica- 
tion. 


Minims solutions remain stable 
for an indefinite period. 


For further information or litera- 
ture write or phone: 


895 KIFER ROAD 
SUNNYVALE, CALIF. 
REgent 6-5462 


A FORMULA 
FOR 
UNUSUAL 
EFFECTIVENESS 


OPHTHALMIC SUSPENSION 


# Subdues tissue inflammation 
and exudation 

® Reduces local edema, allays 
irritation 

® Rapidly improves the appear- 
ance of the eye 

# New container minimizes 
hazard of “treatment-induced” 
infection 

® Response to therapy is rapid, 
usually within 24 to 48 hours; 
the patient is generally 
symptom-free in 5 to 7 days. 


The complete Prednefrin 
formula combines prednisolone acetate 
0.12%, phenylephrine HCl 0.12%, 
methylcellulose 0.129%, in a.sterile, 
buffered base —for effective control 

of inflammatory and allergic conditions 
of the eyelids, conjunctiva, cornea, sclera, 
uveal tract, and following thermal or 
chemical burns. 


Dosage: / or 2 drops in the affected reg new 
eye two to four times a day. 


= m5ce. 
all-plastic 
~ dropper bottles 


saa CORPORATION Los Angeles 17, California 
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